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THE SCIENTIFIC WORK OF THE BUREAU OF 
FISHERIES 


By FRANK T. BELL 


COMMISSIONER, U. S 


[ue aquatic life in our coastal waters, 
in lakes repre 
of but 
frequently unappreciated value to every 
tizen of the United States. 
poorly organized industry made up in 
main of numerous 
tered units from 
of our people vain a livelihood. It 
fourth billion 


our streams and our 


sents a national resource vreat 


It supports 


and seat- 


500.000 


small] 
which about 
pro- 
three and one 
pounds of products that serve as highly 


for 


luces 
nutritious and indispensable food 
man and his domestic animals, ranking 
next to pork and beef as a source of pro 

n, and provides raw materials for a 
score of industries. In the sea, and to a 
lesser degree in our interior waters, pri- 
vate ownership of fish does not begin 
fish life 
bounteous 


until the eatch has been made ; 
is the common heritage of a 
nature. Because of the migratory char 
acter of most of the important commer- 
cial species, which carries them beyond 
the boundaries of individual 

fishery problems are not only state but 


States, 


ilso national and international, the last 
which of 
Their welfare is therefore properly the 
neern of the Federal Government. 
The products of the commercial fish- 
s entering commerce can be gauged 
economie standards; the total benefits 
ved from the 


is growing importance. 


fresh-water 
to 


or 
evaluate. 


sport 


ries are more difficult 


B 
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Some one has n 


game fish is worth a dollar per pound 
rhis may tar underestimate the I 


value, for no one can dete 


huge total spent annually on outdoor 
recreation What portion s chargeable ) 
the support of angling Ten million 
fishing rods were manufactured and sold 


in 1932. Who can tell how many new 
automobiles were required to transpor 
the fishermen Who ean estimate the 
spiritual values of improved health and 


mental balance induces 
The functions of the Bureau of Fis] 
the 


eres, sole ftedera 


aepartment ¢o1 


cerned with the maintenance and Vise 
use of aquatie resources therefore. in 
volve the promotion of trade and com 


{ 
fishing ’ 


merce in the products of the 


dustry, as well as the conservation of a 


natural resource upon which both indus 


Both 


try and public recreation depend 


of these major funet require the 


ib 
plication of scientific 


prineipl s no 


than do the corresponding Tunctions of 


other government departments whic} 
are concerned with the promotion of 
agriculture, forestry, the development 
and conservation of mineral resources 
and the promotion of trade. a s 
Hence, the Bureau of Fisheries may b 
classed with the technical and scientifi 


Bureaus of the Government which under 


a broad interpretation of the _ police 
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THE BUREAU’S NEWEST FISHE 
AT SEATTLE, 
LABORATORY QUARTERS FOR THE BIOLOGISTS OF 1 
FISHERIES AND THE MARINE FISHERIES OF THI 
OF THE INTERNATIONAL FISHERIES COMMISSION 


IN NVESTIGATIONS AND CONTROL OF THE 


powers of the state assure to all our citi- 
zens equal opportunity in the fullest en- 
joyment of inherited rights in their com- 
mon property. 

To appreciate the relations of the 
purely scientific functions ef this Bureau 
to its administrative activities, a word 
may be said about the organization itself. 


ORGANIZATION 

The Bureau of Fisheries owed its in- 
ception to the widely entertained opin- 
ion that the fisheries in general were di- 
minishing in value and importance on 
account of the intensity and methods 
with which they were prosecuted. The 
American Fish Culturists’ Association 
(now the American Fisheries Society 
took a leading part in advocating an in- 
vestigation of the subject, and largely 
through its influence and the representa- 
tions of state fishery officers Congress 
passed a joint resolution, approved Feb- 
ruary 9, 1871, which provided for the 
appointment of a Commissioner of Fish 
and Fisheries, who was directed to con- 


IRIES BIOLOGICAL 


WASH., IS ADJACENT TO THE CAMPUS OF THE STATI 


LABORATORY 
UNIVERSITY. Iv } 
HE BUREAU ENGAGED IN STUDIES OF THE A 
PAcIFIC COAST STATES, AS WELL AS 

OF THE UNITED STATES AND CANADA 
HALIBUT FISHERY OF THE Norra Pacrri 


duct investigations concerning thi 
and the causes of the alleged dim 
and the feasibility of remedial mea 
This was the beginning of one « 
earliest and most effective conse? 
movements undertaken by the F 
Government. 


Until July 1, 1903, the establis 


was independent, reporting direct 


Congress, and was known as the | 
States Commission of Fish and 
eries, but on the organization of t! 
partment of Commerce it was i 


by law in the new department a: 


name was changed to its present des 


tion. 

As now constituted the Bureau 
cerned with the wise husbandry « 
fishery resources. This includes t! 
lection of biological and statistical 
to reveal the condition and trend 
important fisheries; the developn 
the science of aquiculture as a mea 
improving fish cultural practises 
developing water farming on a co! 


cial basis; the propagation and dist 
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food and frame fishes to replenish 


itural supply; and the conduct ot 
mie and technological studies to as 

he wise use of the fishery harvests 
\cting in an advisory capacity, the 
au has been able to exert a powerful 
rence on the fisheries legislation of 
states. Local authorities and inter 
ts hold its work in high regard, and 
nreciating that its advice is authorita 
and disinterested, frequently seek it 
mbers of its statf are called on to 
with and assist state Commissions 


frequently to address state legisla 


bodies on topics connected with the 
nistration of the fisheries and to as 
n the drafting of state fisheries 
s. It is also represented on commis 
ns having to do with internationa 
ries questions of conserving the sup 
of aquatic animal life—fishes and 
immals 
Formerly the Bureau was wholly 
thout administrative or executive con- 
of the fisheries, as these functions 
vested in the several states within 
hose territorial limits the fisheries are 
‘ated. By an order of the Secretary 
Commerce, dated February 15, 1905, 
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salmon fisheri 


Seecretarv’'s Office. 


sion of Inquiry 








THE BUREAU’S RESEARCH 

OPERATED BY THI LOUISIANA DEPARTMENT OF 
TIFIC STAFFS OF THE TWO ORGANIZATION 
ORY, HABITS AND CONSERVATION REQUIREMEN 


F COASTS. HERE EXPERIMENTAL HAULS W 


IN BARATARIA Bay, LA., TO PROVIDE DA’ 





IMPORTANT 
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CONTROL AND DEVELOPMENT OF AQUATI( LIFE 


tions Studies of a more strictly biolog- 
ical nature concerned chiefly with prob- 
lems of the supply of the food and game 
fishes and its maintenance in a state of 
highest productivity are handled by the 
Division of Scientifie Inquiry, while 
those of a technological or economic 
nature concerned with the proper utill- 
zation of fishery products and the dis- 
semination of trade information are con- 
dueted by the Division of Fishery Indus- 
tries. 

Scientific investigations are prosecuted 
at a large number of permanent and 
temporary field stations. In addition to 
the laboratories in the Department of 
Commerce Building in Washingtor, four 
permanent fisheries biological labora- 
tories are operated, two on the Atlantie 
Coast, at Woods Hole, Massachusetts, 
and Beaufort, North Carolina, respec- 
tively; one in the Mississippi Valley at 
Fairport, lowa, and one at Seattle, 
Washington. 

Field stations are operated coopera- 
tively with the states at Milford, Con- 
necticut, Brunswick, Georgia, New 
Orleans, Louisiana, and Olympia, Wash- 
ington. The Bureau owns two experi- 





mental fish eultural stations, one at 








QI ARTERBOAT 348 IS HERE BEING MOVED UP THEI 

























THE BUREAU’S FLOATING LABORATORY IN THE MISSISSIPPI VALLE) 


TENNESSEE RIVER BY THE ARMY EN 


STEAMER FOR A THOROUGH LIMNOLOGICAL SURVEY, WHICH WILL FORM THE BASIS OF RA 


IN CONNECTION WITH PENDING REFORES 


FLOOD CONTROL AND HYDROELECTRIC DEVELOPMENT PROJECTS IN THAT GREAT RIVER 


Pittsford, Vermont, and one at Le 
West Virginia, and cooperates w 
State of New York and Cornell | 
sity in the operation of the experi 
hatchery at Cortland, New York 

Field headquarters are also 
tained at various universities thre 
the country where excellent labor 
and library facilities are fur 
These universities inelude Har 
Yale, University of Michigan, Univ 
of Missouri, University of Utal 
Stanford University. In addition t 
well-equipped fishery products 
tory in Washington, temporary ti 
logical laboratories are establish 
important fishing ports in accor 
with local needs, the largest of wh 
been operating for more than two 
at Gloucester, Massachusetts 

Until the beginning of the pi 
fiseal year, the Bureau has operat 
number of vessels, launches and fi 
laboratories in the conduct of its 
tifie investigations. Various p! 
the North Atlantic fishery investig 
have required the full time « 
Albatross II, a 150-foot steam \ 
equipped for oceanographie work 
experimental trawling. Fishery st 
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been prosecuted 
102-foot 


ike Michigan have 
the motor ship Fulmar. a 
_ equipped for experimental fishing 
On the Missis 


River two houseboats and various 


imnologieal study 


es provide laboratory and collect 


facilities; one, an 85-foot quarter 
has a large and well-equipped 


siological and chemical laboratory 

: accommodations for a dozen work 

s In Alaska a 45-foot launch is used 

sively for herring investigations 

various others of the Bureau’s large 

J of vessels are employed as circum 
‘eS warrant. 

BIOLOGICAL INVESTIGATIONS 
The major scientific projects of the 
Division of Inquiry are included in 


ree fields: marine and _ fresh-water 


mmercial fishery investigations, inves 
fishes and 


gations pertaining to game 


The study of 


commercia 


shell-fishery investigations. 
marine and fresh-water 


properly classified and is 


sneries IS 


w generally recognized as a distinct 
known as 


promotion 


branch of science variously 


hshery biology or fishery science 
rroblems encountered in the 
shellfish culture the 


i and game fish for stocking interior 


and crowing of 


\ included in the rapidly ex 
inding field of aquiculture 
the 


indamental problems affecting the sup 


are 


iters 





Doubtless significant and 


most 


of raw materials to the 
; fisheries are overfishing. 


; Diy commercial 
fluctuations in 
the 


Although many people still be 


and 


ul dance 


supply 


management ol 


‘implicitly in the inexhaustibility of 


resourees of the Sea. 1n which views 


y are upheld by contemplation of the 
: st the tremendous 
and the 


animals 
tiquity of the great sea fisheries. the 


areas of waters, 


indity of aquatic 
r of depletion of the more valuable 
ies by commercial fishing has been 
foundation of all 
vity in connection with fishery inves 


rovernmental 


That these fears were not ill 


tions. 
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halibut, the shad and 
coastal rivers of t Middle At 


states 


Ss irveo! l ‘ I rs ul 1! 
Lakes to bi ! need that daisast 
overtake su fisheries as tl 
result of intens or destruet S 
which, In some @ases, 1s coupled 
the pol ution Of waters or ti obpstrue 
of spawning beds 

It is true That coastal and al idl! I is 
fishes, being wit nh @asy reac 
fishermen’s nets or, because of the 


peculiar life history, actually assemb 
in mass and coming to the fisherman's 
very door to be caught, are more vulne 
able than the pelag forms, | 
le p sea fisheries l sub} 1 ! is 
reduction as is evidenced by 1 ( 
he Pacific halibut and | histor 
of the plaice fisheries of the North S 
Depletion t ‘commer fisher . 
usually understood as a di n 
per unit o rt. but a reduced 
supply : s may be t resu 
Ot a Vast mplex itul SCS al 
not solely t result overfis ! 
great variations in abundat 
observed in nature which are in} 
related to depletion Overfishing, ther 





fore, may not be judged alo 
abso ite cl , . | nui 
strengt ( tT! fis popu , , 
rea r b o eC) : } 
exist that must be taken into a - 
(one ofl Tie maior hieetiy S ‘ ‘ 
Bureau’s biological investigations is t 
discover the earliest signs of dep 
of the supphes of commercial species be 
fore total landings have de ned 
in extent that commer Eshing one} 
tions are no longer profitable and befor 
depletion has become s xtens ‘ 
the very existence of valuable food sup 





plies is threatened 
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large investments in gear, vessels, 
factory equipment and _ the 
machinery of preparation and distribu- 
tion, as well as the livelihood of thou- 
sands of people directly or indirectly 
dependent upon the fishing industry for 


entire 


support, can only be assured by con- 
tinued vigilance on the part of the re- 
sponsible governmental agencies en- 
trusted with the conservation of national 
wealth and well-being. 

The expression ‘‘fisherman’s luck’’ 
summarizes the fact that the yield of the 
fisheries both locally and over wide areas 
is extremely erratic and a great mass of 
scientific evidence now available indi- 
eates that these changes in yield are 
primarily caused by major fluctuations 
in the actual abundance of the various 
fish stocks. Such variations. in abun- 
dance are also found in land animals, 
and attempts have been made to dis- 
eover cyclic changes related to world- 
wide factors such as solar variations and 
the like. 

The study of these fluctuations in 


AT THE FISHERIES BIOLOGICAL STATION, FAIRPORT, IOWA 


STUDIES ON INCREASING THE PRODUCTION OF WATER AREAS THROUGH FERTILIZATION TO IN‘ 


PLANKTON GROWTH HAVE RESULTED IN PRACTICAL IMPROVEMENTS IN BASS CULTURAL MI 

THIS HAS INCREASED THE YIELD OF THE EXPERIMENTAL PONDS FROM 5,000 BASS PER ACRE, 

A FEW YEARS AGO WAS CONSIDERED SATISFACTORY, TO MORE THAN 20,000 PER ACRE. HER 

CREW IS REMOVING THE BASS FROM AN EXPERIMENTAL POND AT THE END OF THE GROWING § 
THE MAIN LABORATORY IS SEEN IN THE BACKGROUND. 


abundance forms the major activities 
the biologists of the Bureau of Fisheries 
in the North Atlantie area and is 
applied to the haddock, mackerel. 
and weakfish. 
that this general principle applies t 
supply of all fishes, but probabl; 


There can be no 


most spectacular variations are fou 
the mackerel fishery which has 
studied for several years. 

From a study of the age-compos 
of the commercial catch of macker: 
gether with the records of landings 
have been secured which indicat: 
some year-classes are produced i 
abundance. On the basis of these st 
in which the relative strength « 
various year-classes is caleulated 
gether with their rates of decline, | 
tions of the expected yield havi 
offered for several years. These | 
tions have great potential value 
fishing industry. If a season of w 
abundance may be foreseen, mar! ’ 
channels may be prepared for expanding 
distribution, and the technological 
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« such as freezing, salting, canning 


packing, may be planned to take 
if the excess production, thus pre- 
nar 


ng glutted and demoralized 


s. which too often drive prices so low 
ty cause real distress among the fish 
when 


Se aSOTIS 


en. Conversely, in 


the 
preparations Can be saved and ac- 


rcity appears inevitable, cost of 


ated stores of processed fish may 


released to supplement current pro- 
tion. Predictions have, therefore, 
released, first made public in fish- 
later by 


ne and trade journals and 


Bureau publications. 

Although no reports have been pub- 
shed, similar predictions have been pre- 
pared for several years for the major 


runs of salmon in the important fishing 


il 


districts of Alaska. Strangely enough 
se predictions are based on less pre 
cise data than are available for the 


pelagic sea fisheries. They include such 
the 
spawning salmon and their age-composi- 


tion, the physical conditions upon the 


factors as known escapement of 


spawning beds, the estimated production 


young salmon migrating seaward, the 
maturity 


normal age at and various 


other indications such for example, 


as, 
n the red salmon, the number of grils 
‘precocious males returning in the year 
previous to the year of prediction and 
which are believed to bear a fairly 
relation to the 
normally maturing adults. 


number of 


lefinite 
These pre- 


dictions becoming increasingly ac- 


are 
‘curate and already have provided such 
for the 
‘anning industry that they are accepted 


valuable information salmon 
as an important basis for the regulation 

the fisheries by the Government and 
for the 


acking 


preparations for 
activities the 
no doubt that 


search along these lines will bring still 


commercial 
ensuing 
additional re 


\ ear 


The re is 


ser the practical control of fishing 
yperations and the maintenance of the 
stock of fish. 
From the investigations of 


the had- 





-_ 
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dock fisheries off the New England 
coast it is becoming increasing evident 
that success or fa } ire f the vreat ' . 
fishery, employing nearly 100 
largest vessels in the fishing fi 
pends upon success or Tallure Of spaw! 


; 


ing and survival of the young and 1 
directly upon the numbers 
adult 
dock fishery from its maximum it 


Q°2 ; 4 
] 1 IS th 


haddock The dee Ine ol the 
minimum in us attrib 
uted TO 
from 


to a 


failure of reproduction in the 


years 1926-28. Improvement in 
the vield IS anticipated because of the 
relatively successful spawning year of 
1929 more young had 


1924 


the mystery which 


which produced 
than 
For the first t 


dock any year since 
me 
has shrouded the life history and habits 


of the shrimp on the South At 


and Gulf Coasts is yielding to scier 
tific research. Although the investiga 
tion started as recently as 1931, the 
extreme vulnerability of the shrimp 
supply to overfishing has been demon 
strated. Because of the fact discovered 


during the year that the Important eom 


mercial species Nave a lite evele mited 


to about 


warning has | 


one year, een 
issued to the states that the fisheries 
should be diligently observed for first 
signs of depletion, which when it ap 
pears will almost certainly run a trag 
cally rapid course resulting in disaste) 
for this extensive industry The majo 
features of the life history of the shi mp 
have been sketched as a basis ! ~ 
conservation measures when they are 
needed 

Investigations of the important n 


Great Lakes d I 


mereial fisheries of the 


ing the past vear have been concerned 


abund il 


almost wholly with t! 


ous species 


distribution of the vari 
food fishes and the effects upon the nsh 
populations of the various types of com 

Although the yield 


fisheries in 


merelal fishing gear 
of the 


waters 


commereial 


has been maintained in the ag- 


for several decades. it 1s ren 


gregate 
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ON THE SHORES OF LITTLE LAKE 
A TRIBUTARY OF BARATARIA Bay, LA., 30 MILES FROM THE GULF, THE BUREAU’S INVES1 
HAVE DISCOVERED AN IMPORTANT NURSERY GROUND FOR MINUTE YOUNG OF THE IMPORTAN 
MERCIAL SPECIES OF SHRIMP. BY SUCH PERSISTENT EFFORTS THE LIFE HISTORY OF Pr 
HAS BEEN TRACED FROM ITS SPAWNING IN THE GULF OF MEXICO, ITS MIGRATION INTO 
WATER AND ITS RETURN TO THE GULF FOR SPAWNING AND DEATH A YEAR LATER. . 
erally known and recognized that de- reared fish equal or superior t 
pletion of the important species is oc- found in nature. At the sam 
curring with greater rapidity in some material economies in operation 
lakes than in others, and that total been effected by the use of cheap: 
production has been maintained by the materials. 
substitution of less valuable species for Improvements in the restocki 
the ones that are more valuable and inland waters are resulting fro! 
better known. The efforts of the Bu- Bureau’s program of stream s \ 
reau’s technical staff at present are di- The extension of highway travel a st; 
rected toward the correction of abuses rapid increase in the number of a 
in the commercial fishery and especially have necessitated radical changes . 
the reduction of the tremendous wastage methods of planting and have d . 
of immature and undersized fish that strated the necessity for Svst¢ 
annually reaches impressive proportions. stocking based upon accurate kno 
During the past few years the Bu- of conditions of fish life existing Ne 
reau’s investigations in aquiculture have more accessible lakes and streams. 5 
been successful in improving hatchery the Bureau’s responsibility for ma 
technique, combatting disease which an- ing and improving angling is det 
nually takes heavy toll of trout and indicated in the waters of the pul 
other game fishes crowded under un- main, limnological investigations Ls 
natural conditions in hatchery troughs, been concentrated in the nationa ; 


and in improving strains of brood fish 
that productive more 
disease-resistant than wild Im- 
provements are constantly being made 
will produce 
hatchery- 


are more and 


stock. 


in developing diets that 


growth, vigor and color in 








and forests in the intermountain 
and will be extended to other ar 
funds and personnel permit. 5 
already made under this progra 


yielding results in systematic st : 









of public waters that will be i 
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THE SALMON WEIR AT ANAN CRE 


rYPICAL OF A CONSIDERABLE NUMBER OF SUCH STRUCTURES PLACED ID E MORI 
MON STREAMS OF ALASKA FOR THE PURPOSE OF COUNTING 1 YUMBER OF SPA . 
HAT ASCEND THE RIVERS. ENUMERATORS STATIONED AT THE GATI N THE WEIR TA 
FISH OF THE VARIOUS SPECIES COMPRISING THE SPAWNING RUNS, WHIC! NDEI Wi \ 
or 1924 MUST EQUAL THE NUMBER OF FISH TAKEN BY THE COMMERCIAL FISHE! 3 
MOUTHS OF THE RIVERS. IN ADDITION TO THE IMMEDIATE PRACTII CONTROL OF FIS ‘ 
‘ TIONS THE DATA THUS OBTAINED HAVE GREAT SCIENTIFIC VA 


ly apparent to the angler from year 


to year. 


Investigations concerning various 
blems of the oyster industry 


New 


States, 


were 
and the 
Atlantic 
Wash 
The selection 
different 


voverned 


England 


South 


rried out in 
North Atlantic 
tates and on the Pacific coast in 
of 


gton and California. 


pecifie projects of study in 
of the 
the local 
- rgent needs of the industry. 


the North 


previous work 


sections eountry was 


th by conditions and most 
Thus, in 
Atlantic 
of the 


the solution 


ew England and 


tates, where 
S bureau materially helped in 
the problem of propagation of the 
ster, the main efforts were directed to 
study of the methods of growing, fat 
i tening and improving the nutritive qual- 
ol On the other hand, in 

South Atlantic states where the de 
‘ted of the natural 
‘fs threatens the existence of the in- 


oysters. 
condition 


ovster 


stry, principal attention was given to 
‘methods of restocking and maintain- 


LEK IN SOI 


THEASTERN ALASKA 

























ing the productivity of the bottoms ( 


> 4. ; 
the Pacific coast the consisted 


the 
the 


WOrkK 


cultivation and develop 


studies ot 


ment of native Oly mpia ovstel 


> fa 1 
Because 0 ther close assoclatiol 


Bureau has investigated simultaneous 

problems concerned with the propaga 
tion and conservation of the fresh-wate1 
pearly mussels of the Mississ pp 1)) } 
age and pollution of these waters by i 


dustrial and sanitary wastes and s 


Despite closed seasons and various re 


strictions on t} e 


| fishery 


mussel x 
} } c. , 
ply has declined seriously in recet 
vears and efforts at restocki 
failed because of the tremendous nh 
crease in the load of silt carried | thie 
rivers, which in turn render the increas 


ing volume of municipal wastes mot 
and more destructive of life in p 
luted waters Krom careful 


eal surveys ot the greater portion ot the 
Mississippi 


found that the 


principal st the 
it 
uncontrolled 


reams in 





Drainage has been 





{ ; 


introduction of 
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these streams has increased tremen- 
dously the areas disturbed by the major 
pollution centers of the great cities. 
Sinee such silt makes it impossible for 
the streams to rid themselves of the huge 
volume of organic wastes now being 
poured into these waters, the pollution 
problem has become so serious. that 
aquatic life has been practically reduced 
to those few undesirable forms capable 
of surviving in highly polluted waters. 
The combined pollution is spreading 
with amazing rapidity, menacing alike 
the mussel resources and the food and 


game fishes. 


TECHNOLOGICAL INVESTIGATIONS 

Never before in the history of the 
fishery industry of this country has 
there been greater need for economy in 
production methods and for the fullest 
utilization of valuable products from 
the material at hand. Losses or leak- 
ages in factory operation, which in more 
prosperous times seemed relatively un- 
important, now represent very fre- 
quently the margin between profit and 
loss. Never before was there greater 
need for the application of the best 
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technological and engineering ki 
available to problems of manu! 
preservation and marketing of } 
products than at present This is 
lutely essential to make the most 
raw material available, to el 
waste, and to bring factory operat 
the highest point of efficiency 
this objective in mind, the tech: 
research of the Bureau has follow 
general lines of studies of met] 
manufacture, preservation, storag 
marketing of both the primary pr 
of the fisheries for food and 
products for animal nutrition, bi 
cal tests to determine the food v; 
marine products, the developm 
fishing gear, and experiments in d 
ing chemical treatments of fishir 
to lengthen their useful life. T! 
involved the application of the s 
of chemistry, engineering, bacter 
and general technology to the si 
of these problems. 

One of the most productive | 
investigation undertaken recently 
Bureau is the analysis of the n 
value of marine products. Fish 


generally recognized as a valuable s 














THE SHALLOW BAYS OF CONNECTICUT AND RHODE ISLAND 


ARE THE MOST IMPORTANT PRODUCTION CENTERS 


FOR SEED OYSTERS, SUPPORTING THI 


OYSTER FARMS OF LONG ISLAND SOUND, ALTHOUGH RELATIVELY FEW YEARS IN A DECADE PR‘ 


GOOD CROPS. 








SPAT TO DETERMINE THE BEST 
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THE BURBAU’s CREW IS HERE PLACING ARTIFICIAL COLLECTORS TO CATCH 0 





OF INCREASING PRODUCTION. 
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the diet, and 


chiefly 


mins important in 


supply has been obtained 


the liver oils of the cod and cod 


shes. Recent investigations, how 

} have demonstrated that other 
es contain In some cases greater 

ities of vitamins A and D than 

liver oil. One of these is halibut 

er oil which is at least 50 times richer 
vitamin A than medicinal cod-liver 
Salmon liver oil has been shown 


ring the past year to be 10 to 12 times 


tent in vitamin A. However, diffi 


ities in extraction of this oil have pre 
heal 


ed its general use, and study is being 


vel 
given to this question. The discovery 


] 


of high vitamin potency in sardine oil 


has tremendously expanded the market 


domestic product in poultry 


for 


this 


. feedi 


ng at a great economic gain to our 
producers and farmers. 

It has also been known for many years 
that shell-fish properly prepared were 
likewise richly supplied with various 
vitamins important in a balanced diet. 
Sound investigations by the Bureau’s 


staff in cooperation with other food re- 





search agencies demonstrate that oysters, 
because of their unusually high content 
of copper and iron in organic combina- 
tion, are particularly valuable for com- 


batting nutritional anemia. Oysters 


from different localities on the Atlantic 
and Gulf Coasts, while differing in their 
fed to 


anemic animals and all induced marked 


iron and copper contents, were 


| regeneration of hemoglobin, thus giving 
’ further evidence of the importance of 
} oysters as a source of iron in addition 
: to their other food factors. 

Technological and engineering studies 

have also been undertaken upon prob- 

: lems of properly preserving and _ han- 
dling fishery products and by-products 
“ in order to assure their highest quality 


; 


at the time of delivery to the consumer. 
Such studies have been made as to the 
ermination of proper 
rature for frozen fish that will permit 

least evaporation and that will re- 





storage tem- 
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tard the action of enzymes that result 


in gradual spoilage of the product 


freezing and storing of 


technique of 


several l-fish has beer 


species oO] she 


riven consideration ine] 


uding the proper 


temperature of freezing, the most effi 
cient temperature for storage, the 
effects of defrosting, and the rate of 


spoilage after defrosting 


Improy ed 


methods have been devised for smoking 
fish in which proper tempe ire 
humidity and the composition of the 
preserving agent have been found to be 
important. 

Bacteriological studies on processes of 


preservation have been undertaken 


a result of these studies objective TeSTS 


for the freshness of fishery products 
have been devised which correlate chem 

cal reactions with bacterial counts of the 
flesh and which give promise of having 


wide application to the fishing industry 

In industries the 
the the major 
pays only for the expense of operation 


most income trom 


marketing of products 


and production ; profit is frequently de- 
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it is of primary importance to obtain 
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THE TECHNOLOGICAL LABORATORIES OF THE BUREAU OF FISHERIES 
IN THE NEW COMMERCE BUILDING AT WASHINGTON, D. C., ARE WELL EQUIPPED FOR 
ANALYSES, PHYSICAL DETERMINATIONS AND TECHNOLOGICAL EXPERIMENTS IN THE HAND 
FISHERY PRODUCTS. THE NUTRITION LABORATORY ALSO MAINTAINS A RAT COLONY OF §s 
STOCK FOR BIOLOGICAL ASSAYING OF THE VITAMIN AND NUTRITIONAL VALUES OF FISH 
AND OTHER PRODUCTS OF THE MARINE FISHERIES. 4 
rived primarily from the marketing of information as to the most eco 
the by-products. Because of antiquated means of obtaining this end. Bio 
methods and the decentralization of Sup-_ tests of the products have demons 
plies, possibilities in this direction have that the digestibility, vitamin va 
never been realized by the fishing indus- general nutritive value are affect no 
try. Considerable attention has been drying, by temperature of dryi : 
given, therefore, by the Bureau’s staff to the method of applying heat. T ke 
the by-products industry m the fisheries, tails of the most effective me: ' 
and extensive studies of an engineering preparation will be released for 
and technological nature have been econ- trial use. 
ducted on perfecting methods for manu- Various other studies of an e1 
facturing fish meal from the non-oily ing nature have been conducted ; 
fish wastes and meal and oil from men- importance concerns improved m 
haden and other oily fishes. of preserving net materials. T 
Conversion of wastes derived from the terioration of cotton webbing us 
preparation of packaged fishery prod- fish nets entails a heavy financia 
ucts has an important bearing on the the fishing industry annually, wl 
fishing and agricultural industries. The be largely reduced by chemica 
conversion into a_ useful product, fish ment of the fabric which prevent 
meal, brings added revenue to the fish- terial invasion, oxidation of the fi 
ing industry, and to agriculture one of the fouling by marine growths 
the most highly nutritive protein con- 
centrates obtainable. As a service to STATISTICS OF THE FisH! RU 
these industries, it is important that the If wise conservation measures 
fundamental factors of manufacture, as be enacted to perpetuate the fis! 
related to the preservation of nutritional lation, if the element of ‘‘luck’’ } 
values, be understood fully, and further ing the catch is to be removed, an 






fishing industry is to be supplie 
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nd market or distribution statis- 
is necessary that figures be col- 
on various activities of the fishing 
stry These should show not only 
eld of the fisheries according to 
ies and locality and the manufac- 
products, but if sufficiently exten- 


hould provide a fairly accurate in- 


f 


relative abundanee of fish in the 


This is the aim of the statistical! 


stigations of the Bureau of Fish- 


former years the various geo- 
eraphie sections of the country were 
nvassed by enumerators at irregular 
ervals Recently, however, it has 
en possible to obtain for each year a 
n prehensive record of the total quan- 
es of fish landed during the previous 
ar so that annual statisties of the ag- 


rregate yield of the fishery are now 


vailable 
Four main types of statistical surveys 
conducted by the Bureau. These are 
1) the general canvasses, canvasses 
landings at certain important fishing 


ports, (3) eanvasses of special fisheries, 


and (4) canvasses of the industries mar- 


keting or manufacturing fishery prod- 


ucts. In the general canvasses figures 
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are obtained 


. 
species and ti 


fishermen, 
each kind o 
capture, and 


empiloved, 1 


and the net tonn 


porting Vesse 

also on the acti ( } 
turing and mar ng pl 
ing annual cate! nun 
sale establishm«e Ss ana 
data regarding wages, 1 
ployees, and pi iets 
salted, packaged or fro: 
ures are tabulated at tl 
are issued monthly or at 


in order to pro 


to the industry 


Recently 


Assistant Seer 


IES 

elr \ ie as 
quantity 

rear used 

tiie number 


hn imber 


s. Statist 


yr eulius 


etary ot Co 


‘Future existence wi 


more and more 


on Statistica 
basis for con 
dustry as a 
Bureau is e} 


quate statist! 


supply, the production and 


tion of fishery 


products, 


ie 
re ! ‘concep 
1! rmation 
‘PDTIONS O The 
I 
rulde to rit 
adeavoring to s 
Cal data on Ihe 
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THE MAYA AND MODERN CIVILIZATION 


By Dr. ROBERT REDFIELD 


DEPARTMENT OF ANTHROPOLOGY, UNIVERSITY OF CHICAGO 


} 
RESEARCH ASSOCIATE, CARNEGIE INSTITUTION OF WASHINGTON 
THe name ‘‘Maya’’ is so generally fact, speeches in that language « 
associated with ancient ruins and the subjects as socialism, or the reas 
mystery of a departed people that, be- the economic depression, are di I 
fore setting forth certain research plans almost every day. ! 


of Carnegie Institution of Washington, But these Mayas are not a \ 
it should perhaps be stated that the a disappearing primitive tribe, 
Mayas are not extinct. In fact, Maya away with the coming of civi 
Indians still constitute the largest ele- like some of the Oceanic peoples 
ment in the population of present-day are racially intermixed with §S 
Yucatan. The blood of the race that whites; and they are not dest 
built the old cities predominates in the’ extinction, but are to become o. 
persons of several hundreds of thou- of modern world civilization. A 
sands of men and women now alive. process of so becoming involves 
The Maya language, probably not very _ ber of scientific problems for the st 
different from that spoken by the In- and of practical problems fo 
dians who built Coba and Uxmal, is still selves. As communications dev 
the general language of communication roads are built, schools multiply 
outside of Merida, the capital of the ing-picture theaters are introduc 
present Mexican state of Yucatan. In newspapers are read, the primitiy 
1 Some of the illustrating photographs were illiterate Indians of the hint 
taken by Alfonso Villa and some by the author. undergo great social changes; a1 
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linge changes take 


place among 
hites and mixed bloods of the city. 
se are the problems that interest 
‘arrying on work in social anthro 

in Yueatan.2. What ought to be 
about the practical problems is not 
but 


how 


if anything 


mediate coneern, 


found out as to changes of 


knowledge can 
} 


practical use 


s sort Take place, Such 


7 


thers be made Ol 


f us regard it as the function 
fie activ ity to enable people better 
nderstand and to deal with the 
d around them. Society thinks this 
about it too, I believe, for although 


] ] 


vidual and rightly 


scientists often 
on their work for its own sake, vet 
supports science in the hope and 
that its activities may help men to 
intricate 
that of 
service 


increasing] 
ths of living. It is natural 
se who have the ultimate 


science in mind, some should 


submit men’s own ways to 
description, 
their 


forms and 


observation and 
the better Te 


their 


understand nature, 


characteristic manitfes- 
tations. 


Human activities are the most 


mediate and important of natural 
phenomena. 

Ethnological work among the Indians 
is often done because the student wants 
to find out what those Indians were like 
the white 


Indian civilization arose and developed 


before man came, and how 


in aboriginal America. This is also 
what the archeologist is engaged in in- 
vestigating, and it is certainly a fasci 
nating inquiry. Such historical studies 
uld to the content of 
when they give us insight into how life 

ked to 


extent we have through them experi- 


our know ledge: 


these ancient people, to an 


nees never actually ours. Such knowl- 
edge of other people’s lives is like an 


rhe project outlined in these pa 
J 


ges 1s pro 


by Carnegie Institution of Washington: 
an arrangement 


with the University of 


go, the writer is enabled to devote part 


+ 
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education in 1 manities st 
me Thre CUSTOMS resel ( t 
the Knowle cy PTS 18 17 l en) 
sort B it sol < | ew 
this knowledge pes, 1 { 
tura he \ s | 
WiTl - « ~ 
tributes | S S S < 
CLeSITT'¢ T ‘ ~ ~ 
? ns a ny 

It nay iy S 
of Mava eu S 
THIS q 1est t 
ecuiture ¢ he S 
ta Sometimes : l 
Statement as 1 tribal i rat . | 
to eéltles Tounds and aba 
the details 2 
circumstances under whl mie) 
alter their Ways, the little ev s 1 
Initiate changes In respect to these 
archeological record is necessarily def 
cient. At any rate, the flow 
better observed in all its richness 
it is flowing; recovery the fi 
historica nquiries atte t has pass 
vields a less full and intimate b 
materials Tl us, Though the s 
thropologist joins hands with the a 
ologist in a common interest in tl 


Maya, and eagerly appropriates w! 

can tell of the events that led up tot 
present social organization, he 
materials 


rive most of his 


observation of 


contemporary cu ire 


its eternal makine and re-making 
This kind of 


made, 
that 


out the necessity ol 


observatl mn may 


vests, anywhel 


one properly sug 


SoOclai Changes are Going on. witt 


a trip to Yueata 


This is true, but there are certain r¢ 


SOonS for welcoming the opp rtunit 


given by Carnegie Institution, to « 


press this interest in the Maya fiel 


There 


ing from the facilities afforded bv tl] 


are more immediate reasons ari 


institution, and fri 


Yucatan peninsula of scientifie workers 











112 THE SCIENTIFIC MONTHLY 


of different yet related interests. There 
are also reasons arising from the nature 
and distribution of culture and eiviliza- 
tion in Yucatan. 

That peninsula, virtually an island 
by reason of the natural barrier to com- 
munication formed by the tropical for- 
ests of the south, contains within it a 
short outline of civilization. For its 
inhabitants represent the range of social 
development from the primitive tribe to 
the modern city. There are Indians in 
the south who use the bow and arrow 
and follow entirely pagan and aborigi- 
nal religions, there are city dwellers in 
the capital who do business in the ered- 
its of international finance and whose 
interests are cosmopolitan, and there is 
every intermediate degree of sophistica- 
tion 

Nor are these various cultures static: 
they are all changing under the in- 
fluences of that expanding system of 
industrial civilization which we eall 
‘*Western,’’ but which is no longer con- 
fined to any one quarter of the earth. 
South African hemp fibers compete 
with the sisal of Yucatan, and the price 


of labor in Africa is a matter 
tance to the Maya Indians 
Maya, in the less accessible 
Quintana Roo, have changed th: 
of living in response to the dem 





chewing gum fomented by mod 

vertising in cities of which the 

never heard, but of which, as 

result yet to come, they will 

hear. i 
The great spread of trade, n 

and communications effects the , 

tant changes of to-day, that in 

country and in western Europe t 

form of the expansion of the met 

tan area and its zone of influer 

that in the wider world bring ab 

breakdown or reorganization 

primitive and the ‘‘medieval’’ s 

The widening circles of industr 

ilization reach all the ‘‘backwai 

ples’’ and bring them a leaven 

rest. Of changes of this latt 

those going on in Yueatan are 

stance; the country is relativel: 

our own, and we have been giv 

opportunity to observe and re} 

these changes as they are taking 
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THE NEW STYLE HOUSE—CHAN KOM 


One stands a good chance of improving roughly represent the process 

methods for making such studies zation, or urbanizatio1 At least it 
nvwhere, in the attempt to make one’ should suggest some of the ways i 
such study in Yucatan. At any rate, in which the stable societies of non-literat 
so defining our problem we may hope to people, dependent on a local tradition 
a little nore than eollect information vive way to the more m bile and indi 

the customs of the Maya Indians.  viduated society of the modern cit 
i Advance in science is marked not so In furthering this p! in we have done 
much by how much more you know as some preliminary work in the city of 
—| by what new and better ways you have Merida, and we have entered upon a 

r knowing. study of one community, a \ 
; The plan of study in Yucatan, en- named Chan Kom, situated in the 
tirely tentative and experimental, is the southeastern part of the state of Yuea 
simultaneous study by similar methods tan not far from the archeologic site 
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sample communities along the range of Chichen Itza 

civilization that exists in Yucatan. Chan Kom is a place about in the 
Ve can not study every community, but middle of the seale of civilization in 
e can select those that we do study so Yucatan: there are other communities 


that they represent stages in this course less civilized and others more so. It lies 


change: we can study an isolated and on the outer margins of the area cor 
rimitive bush village, another village trolled by the state government and 
people with a similar cultural heri- affected by roads and schools. Its two 
ize but who have had schooling and hundred and fifty people, all Maya 
pportunity to communicate with the were practicaily all born and brought 
wns, a third community (near the up in the neighborhood A are 
ty) of wage earners who go to the city familiar with the nearest town on the 
d to the movies; and we can make railroad, many have been to the capital 
lies in the capital city itself. Such city, but only one or two have ever lived 
lies, if carried on in the same terms, there Maya is the universal language 


ld yield a comparison that would = of ordinary conversation, but al + one 
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fifth of the people also speak Spanish. 


About as many can read and write, but 
only a very few do. All grow the corn 
and beans that tl ey eat, but each man 
produces more than his family con- 
sumes, for part of the crop must be 


exchanged for textiles, salt, gunpowder 


and other necessaries which the facto 
ries manufacture and sell to the village 


ers chiefly itinerant merchants. 


Pract ical 


elated with 


through 


assO 


activities are closely 
magical and religious obser- 


vances A simplified ritual form of 


hristianity with 


existS a 


ong 
derived historically 
those 


The planting 


a pagan religion 
that 


temple-building 


from practised by ancient 


Mayas 


and harvesting of corn is sanctified by 


ritual offerings, sometimes highly cere- 
monial, to the gods who bring the rain 


and vuard the cornfield. Sacred breads 


are made and dedicated; turkeys are 


strangled with ceremonial bark beer. 


The 


deities 


beehives, too, have their special 
propitiatory 
this 
ritual, and divine the outeome of sick- 


through 


appropriate 
maintain 


and 
ceremonies. Shamans 
enterprise erystal- 
the 
corn; but their prestige is waning, and 


ness or 
gazing or counting of grains of 
it is shared by the authority of secular 
leaders who read the newspapers, study 
horticulture and commit their people to 
a program of modernization and prog- 
ress 

The graver problems of life are still 
regarded as magically caused; sickness, 
for example, is thought to be produced 
by evil spirits embodied in the winds, or 
by the gods who punish failure to pro- 
pitiate them when the corn is planted 
or the honey taken from the hive, or by 
the souls of dead relatives for whom the 
appropriate ritual has not been per- 
the enchantments of the 
Yet to-day 
in this village there is always an alter- 
native treatment to that 
by the shaman: the sick man may send 


formed, or by 
soreerer in the next hamlet. 


recommended 
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drug st 


for medicines from the 


modern clinic established by ( 


Institution at Chichen Itza ' 
Reference to tradition is st 
dominant way to solve difficult 
longer the only way; 


used to 


There are plat S 1 


IS ho 
are becoming 
periment. 
a cattle cooperative, the advant ' 
domestie hygiene are stressed 

discussions, there is some expe? 
crop diversification, and a road 
built to connect 


the village wit 
road and the tourist trade. bh 
lage an account of customs me 
unless it is also an account of 
customs are changing. 

work here has been ¢a1 

with the important aid of Mr. A 


Villa, the school teacher, who | 


Our 


years in the village 
learned the Maya 
reached the point 
the life is 
some of the 


over two 
laneuage It 
where acqua 


with sufficient to s 





problems that n 
studied. 

We have a fair account of the 
activity. Ws 
familiarity with the cadences of 
birth and marriag 


pal patterns of 
ways in which 
death are met, and with the cere) 
which mark the rhythms of the 


tural year. The primitive econon 


the village has been investigat: 
know how much labor goes into r 
how much eorn, and how mue!l 


consumed, and how much sold. <A) 
are beginning to have some ink 
the ways in which social changes 
about in Chan Kom. 
We this 


tages of a situation 


village the 
that is re 


have in 


simple. Chan Kom is large en 

include forty or more househol 
individuals exhibiting a great var 
personalities, but small enough s 
it is possible to have some acqua 
with Only 


everybody. two or 
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nt becomes accepted ; 
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THE 


eave the village daily, and 1 
rive These arrivals and de 

es are alm st the only means 
eation with the outside world 

~ novel and interesting inforn 
quickly gossiped about, it Is pos 
bserve the effect of such infor 

n attitudes and practises 

So we have found ourselves exp 
¢ with what might be called 

for the study of so 


? 


raged and 


a 


hie 


A 


‘angements 


} 
news and Ol } 


events is watched over a period 


kor twenty mo! ths Mr 


seeping i Journal reporting 1 
ngs in the Village that i\ 
his attention. This is now 

nteresting episode, suggest ve 


it might be St 


udiead more Ca 


juiring some more objective and 
led = tee] niques of « bservation 
se episodes are sometimes matters « 


passing interest, but sometimes 
involve changes in practises and 


life. <A 


ars a 


goes to the 
the ad 
rational liv 

the 


dards of man 


and he speec! 1 about 


and 
orator 


socialism 


the 


ages O 


in which urges 


priety of having two wives, provided 
the husband can support them 
villager returns and puts the sug 


first wife is 


indignant 


n into practise ; his 
the 


prestige 


village is 
and over 


the 


man’s patience 


e these difficulties ; new arrange 


after a little 
and 
up. 


‘r men follow his example 


bigamous households are set 


young girl, in response to sugges- 


from the town and in defiance of 


leaves her home to take employ 


; 


in the town as a domestic servant 
made 
her tl ey 
return to fulfil the con- 
and the parents of the 
betrothed 
parents the 


her parents have already 


for marriage ; 
) make her 
t, but 
to whom she 
ind from the 


of the food they have supplied for 


fail; 
has been 


cirl’s 


VODE 


Villa has 





RN ( 


e 
¢ 5 


ws 


Wn 


Rly 
bis 


rities 


, 
cussed by eve 
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Se . 


particularly nterested 
this we can not at prese 
affair What is the effe 
vounger generation of this 
ful instanee of a girl beeor 
dent of parent ithor 
Two difficult questions 
swered before mate) 
be proved T hye a } 
portance: Can we learn t 
happenings objective ! 
tion to the relevant fact 
parison ol Su ippenl 
genera ki ( ve defini 
Stances under Ww } S 
favored or hindered 











CEREMONY 


TO SECURE RAIN FOR THE CORNFIELDS. THE 


ASSISTAN SPRINKLES THE ALTAR 


It must be taken into aecount that we, 
ourselves factors 
Mr. Villa comes 


to regard his school and its activities as 


are 


as observers, 


bringing about change. 


a laboratory experiment that he has set 
voing. Whenever one of the scientists 
working on one or another of the Car- 
negie Institution projects visits Chan 
Kom he is likely to introduce some idea 
Dr. Shattuek 


the people 


interesting to the people. 
talk 
understood these to be little ants onaw- 


wave a on microbes: 


ing their vitals; for a few days every 
felt 
the shamans did a thriving business in 


one them biting away inside and 


exorcism. Dr. Soundground’s explana- 
tion of the function of vitamins in the 
the 
time ; 


dietary made tomato fashionable 
for a short but a later the 
vitamins had become merely part of the 
local folklore little 


triad as mystical as the Trinity, one 


year 


three beings, a 
making bones, one flesh and one blood. 

As we become increasingly interested 
in the contemporary life of these village 
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IN CHAN KOM 


KNEELS 


AT THE ALTAR; AT HIS 


rH THE CEREMONIAL BARK BEER. 





people and the changes going on 


life, we come more and more t 
upon their world through the 
eyes. It is then plain how different 


the historical meaning of what t 
from its actual present meaning. 
student of archeology, who has s 
Maya tem} 
Chichen Itza representations of t 


} } 
tUiU 


human being by the limbs that hi 


murals on ancient 


priests known as Chaes 


be slain in sacrifice, it is especia 


teresting to find the Chan Kom 

designating by the same name fou 
hold the 
turkey about to be killed as an of 
for the But the 
oblivious of the historical origins 


who by wings and les 


village 


evods. 


custom, and it means no more 
less to them than does the act of 
ing oneself, or any other piece of 
in their mixed pagan and Christ 
ligion. 

But the Shaman-priest himself t 
‘in the old days it 


a turkey.’’ 


he 


was a human 


not 
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CROAKING TO BRING RAIN, AT 


As archeologists, we look upon these 
Mayas as the descendants of the build- 
rs of the temples, but they do not so 
themselves. They 


with the old cities, 


have no 





k upon 
connection 


SCTISeC of 


except that Coba has a vague prestige, a 


| = rtain uncanniness; certain gods and 
mythical monsters dwell there, and 

’ . . . 
shamans who have visited these ruins 


ve there secured unusual 
Both Chichen Itza Coba 


§ tioned in ritual prayers, but the mean- 


powers. 


and are men- 


» ing of the words uttered is not always 
telligible to the average listener. 
4 Some of the interest the present-day 


s | ins exhibit in the old ruins may be 

recent development rather than an old 
survival. There is a contemporary folk- 
» about a serpent, named Xkukican, 
, mee lived at Chichen Itza and was 


to devour children 





this may very 
be a vestige from the old human 
fice and the cult of the plumed ser 
Kukulean On the other hand, 
temporary the 
ing of some of the old carvings at 





explanations as to 






THE FOUR BOYS WHO IMPERSONATI 


RAIN CEREMONY N ( AN KOM 


Chichen Itza, or stor 


of the ancient Ba 


for folk heroes. do not necessat 
volve any such survival, but n 
ply be the result myth-maku . 


the Conquest 


At any rate, to the present-day Ma 


the builders or these o 


reat temples 


of quite another race, no 


ancesto! 


theirs. They wert Itzaes 


people ot supernatural! 
dwelt a lone time ago some vi 
these Itzaes wit! ST al 


confuse 





race, a dwarf people, who had the mag 


eal knowledge that 
building of vast cities of stone 
knew the whistles that caused 
stones to leap nt 


aceord But Through their eare 


or impiety, THIS KI vle o was ; 
the dwart people were a | dest 
This happened ne avo. **hef 


erandfathers were here.”’ 
And to day anv vestige of t! 


Mava, having for the 


nothing of its old meaning Simply 
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dangerous. 


the 


or downright 
of 


sling stones of the gods who euard the 


uncanny, 

Fragments obsidian knives are 
cornfields, and clay idols are evil midg- 
ets that it is best to smash where they 
lest and 


harm 


lie, they come alive at night 


work to men. One ceremony, 0c- 
performed, takes place at a 
for 


these 


casionally 


stone ruin of ancient days, and has 
the 


eoblins. 


its purpose propitiation of 
pottery 
small 


In 


Such concerns occupy only a 
of the 
: - ye ne 
our studies we are seeking to look on life 


corner villagers’ interests. 
as they do, and to see things in the per- 
spective and with the sense for relative 
their 
to 


which characterizes 


its objects and 


importance 


own outlook. know a culture is 


know how its actions 
appear, not to anybody on the outside, 
but to the people who deal with the ob- 
jects and perform the actions. 

made 
through the 
people, the sort of sympathetie, vet de- 


tached consideration to which Mr. Villa 


Toward this goal 


progress is 


intimate association with 


months. 
to inti- 
Circumstances may 


has been devoting so many 


There seems to be no short eut 
mate acquaintance. 
be more or less favorable, but at the best 
Nevertheless, 
one method of 
investigation that will give to this inti- 


much time is required. 


feels the need for some 
mate exploration some degree of objec- 
tivity, that will result in materials of 
eonsultability. Here 
for de- 


permanence and 


again we are fumbling useful 
vices. 

Following the suggestions of others 
we are especially attentive to revelations 
of attitude and view-point through the 
experience of particular individuals. 
These villagers are human beings with 
the same tendency to shame, pride and 
conceit that other people have, and they 
most reveal their culture when they let 
us see what it is they are characteristi- 
of. Spon- 


situations 


eally proud of, or ashamed 


comment on eurrent 


taneous 
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but it is frag 


is illuminating, 


Longer connecter 


and 
ments of personal experience ar 


fugitive. 


to obtain, and when obtained are 
be less spontaneous. Still, we | 
autobiographic document of ab 


thousand words from a man of 


lage, that puts a lot of cont 
added significance into the bars 
ments as to custom and attit 








down in other parts of our notel 


For example, although we wer 
of the 


settlement 


in general terms import 


the 
social position of the couple, it 


marriage in fix 
until we read this man’s account 
own marriage, apologetically cor 
the small 
that the 
the custom appeared 


‘ 


ing on unt of pi 


involved, 


am 
real significa 
This aut 
phy also brings out 
terms of the life experiences OT 01 
the conflict the 


progressive element in May a SOC 


very VI\ 
between 


the authority of the shamans 


receiving rum and money in con 


with certain traditional customs 
they supervise, represent a conse 
vested interest in the village life 

And we had little 


of the natural community to wl 


idea of 1 


loyalties attach until we had this 
the local 
perhaps half a 


own account of how 


land, ineluding 


younge! 





villages and their satellite hamlet 


aroused to concerted military act 
to the 
distinetion 

all 


made perfectly plain in 


disorders incident recent 
Then the 


people”’ and 


tion. 
**our 


the r 


outside} 


pueblos that fought together. It 


teresting to the student of histor 
dentally, to note that this little w 
patriotic attachment to-day corr 
very closely with one of the seve 
dian principalities, or cacicazg 
which the old Maya confederacy 
up before tl 


the coming 
Spaniards. 


just 
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THE MAN IMPERSONATING THE GREAT RAIN-GOD (KONKU CHAS 


VES HIS CUTLASS AND CALABASH, WITH W H HE Is TO 


RAIN 
The scientific usefulness of these to begin work duri the coming ear 


methods of inquiry will be better tested These are villages of Mayas who turned 
when we shall have tried them in some their backs on the towns and the ways 


! 


of the other communities we hope to of white people after the race war that 





study. During 1932 we plan to carry took place in Yucatan in the middle of 

on studies in one or more communities the last century, and who still remain 

in or near the capital city of Merida. relatively isolated from the white man’s 

' Here again there is a problem in wisely civilization. Here it is probable that we 
selecting the samples to be studied; it is shall find much the same customs as in 
apparent that there are communities of Chan Kom, but a very different s 
different sorts: for example, colonies of Setting 

city-wise shop-workers, as contrasted A eursory impression suggests that 


ith settlements on the outskirts of the differences in customs are minor the 


aa 


city of Indians only recently come from women wear necklaces of Guatemalan 


he country villages but finding their  cvins instead of the gold chains of Yuea 
employment in the city itself. We hope tan; the dead are buried not in Chris 


Mes 


find in such communities other as- tian cemeteries but in the streets r 
pects of the process of transition ob- under the floors of houses; the pat 
servable in Chan Kom. archal extended family organization is 


Looking in the other direction from perhaps better developed than in Yuea 


a ee a 


Chan Kom, southward and toward the tan: and in the mixed-Christian religion 


l 


re primitive rather than northward the cult of the cross probably plays a 
l toward the more eivilized, we find more important role 
the territory of Quintana Roo a But in outlook on life these Mavas of 


ip of villages in which Mr. Villa is Quintana Roo are probably very differ 
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THE SCHOOL GARDENS AT CHAN KOM, 


PREPARED ACCORDING TO MODERN HORTICULTURAL METHODS 


ent from those of our first village of 
Chan Kom. Contact with the outside 
world is not through the teacher and the 
tourist, but through the traveling mer- 
chant and the gatherer of chicle. This 
fact, and the traditions of hostility 
toward the Mexicans, maiftain in them 
independent attitude. 
Organization is tribal. The _ several 
villages are united in a military-religious 


an aloof and 


federation under the symbol and control 
of a ‘‘talking eross,’’ an oracle en- 
shrined in a little interior village, that 
delivers, mysteriously, omens and warn- 
ings that are carried to all the subsid- 
iary villages by men drawn in rotation 
from each hamlet to do vigil at the seat 
of priestly government. 

In this part of the Maya world, one 
imagines, change is thought of as unde- 
sirable, and the prestige of the shaman 
is not seriously challenged. Yet these 
communities are changing, too, probably 
not as rapidly as is Chan Kom, and in 
response to different, and from the 
point of view of the whole process 


earlier influences, such as the first 
and the gatherer of chicle. 

This statement as to our purpose 
as to some of our perplexities, n 
brought to an end by a summa! 
what we may reasonably hope to 
through these projected studies. 

There will result a body of int 
tion as to the customs of the Ma 
certain parts of the Yucatan penir 
This information will have whatev 
trinsic interest such ethnological 
rials ever have. Some of it may 
direct practical value in enabling 
can administrators, educators an 
formers to deal more effectively 
their problems. 

Mr. Villa has come to understa) 
difficulties in the way of educatin: 
simple villagers to whom he has 
devoting the years of his yout! 
was instructed to teach them r¢ 
and writing of Spanish by meth 
vised in the capital and sent do 
printed instructions—a people wl 
nothing to read and little desire 
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3 | whose domestic language was 

not Spanish. This he accom- 

but he soon saw that for his 

ssful pupils literacy was like the 

¢ of a trained dog—diverting, 
inimportant. In fact, in making 

nsus enumeration this teacher set 

as able to read and write Spanish 

re of persons who were in another 

umn recorded as unable to speak that 

euage. The educational policy of 

xico has been remade in response to 
vestions derived from an acquain 

e with the interests and customs of 

t country’s backward folk; and, gen- 

ly speaking, the success of reform 

d eontrol increases with the knowl- 
edge of the people. 

Some of this information as to Maya 
‘ustoms may be of interest to the his- 
torian of American Indian civilization, 
especially as it may throw light on the 
life of ancient Maya. But we must be 


cautious in drawing conelusions as to 


a 
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DRIVE T 





THE 












WHILE RECITING PRAYERS TO THI 





DISEASE 
BODY OF AN AFFLICTED GIRL, THE SHAMAN STROKES HER 


SAINTS 























ancient practises from conten 


CUSTOMS Mava culture has 


very vyreat changes since the ( - 
The old calendar, writing and quas 
philosophical reilvlol were p ! ips 
never complete DOSSeSSIONS OT The ( i 
mon Indian; and therefore it is 


wonder that the Spaniards eas 
stroyed all this. But simpler 

elements, ori 
present, have likewise disappeared 
ancient Mayas ; 
but the Maya Indians of mvy acqual 


4 
4 
\s 


tance regard the idea with the same dis 
taste with which most of us regard 
Nevertheless, some light on at ent 
Maya life may be expected to come fron 
these investigations especlally in so ta 
as attention is paid to the less civilized 
groups and to the older men. An exam 
ple of how such light may be th: 
may be given In some of the old Maya 
manuscripts the name of a certain deit 
occurs without explanation. The same 
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4 CEREMONY FOR 
RELIEVE THE OW 


THE 


NER’S 


GODS 
PERFORMED TO 


DIVINE THEI 


name occurs in present-day Maya pray- 
ers in a context explaining that the god 
was a patron of the bees and himself 
thought of as a giant bee. This makes 
it at least possible that the ancient god 
of this name was of the same character. 

Where outside hold behavior 
relatively constant, as for example the 


factors 


time and labor used in growing corn 


and burning lime, information derived 
from present-day life may be directly 


Earl Morris, 


Institution archeologist, has made good 


transferable. Carnegie 


this material, investigating the 


time and labor required in burning lime 


use of 
eutting wood, as practised by the 
Maya, in order to throw 


necessary to 


and 
contemporary 
the 


light on man-power 


build some of the stone structures at 
Chichen Itza. 

We have computed the amount of 
land necessary to support the contem- 


porary Maya population of the village 
we are studying and have reached an 
cultivated 


As land 


estimate of six heetares of 


land per year per inhabitant. 
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SICKNESS. 


WILL OF THI 


THE 
SHAMAN CON 


CORNFIELDS, 


SULTS HIS CRYS 


WHO GUARD 
THE 


GODS 


is cultivated there on an average « 
two years out of seven the total 
of tillable 
available is 
inhabitant. 


land which must alw 
about twenty-one 

But before tl 
the 
estimate as to the population that 


per 


ures can be used as basis 


be supported on the peninsula 
cient days it will be necessary 1 


to determine that this is a fair 
for the entire region, but also 
into aeceount changes that have 


place in the economie life of the 
tants. 

The introduetion of 
factor, but 


estimate changes in 


iron tools 
others even hat 


the cd 


such 
are 
notably the introduction of poult: 
some beef and pork, and also the 
textil 


7 


duetion of factory-made 
other goods which must be paid 
of excess corn produced. It n 
that in the old days a man had 

twice as much corn as he and his | 
the 


would have to know this before t 


consumed, as is now, | 


case 
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ild be used to draw conclusions 

the maximum population the 

sula would support under ancient 
ns 

‘erhaps we shall get more help from 

idents of the ancient Mayas than 


, 


re able to give them. Had we not 
for example, of the importance 

he idea of the four directions in 
ent Maya thinking, it might not 
occurred to us to note just how 
ny piles of stones, each surmounted 

a cross, are placed around Maya vil 
res Onee we had investigated. and 
re had proved to be four—whether 
there be four or fourteen roads leading 
into the village—it was easy to push the 
nquiry farther and determine that the 

ntemporary village in the region was 
oriented with respect to the four corners 

the world, each still under the pro- 
tection of a particular god. 

But more important than any amount 
of information, we may hope for some 
improvement of the methods of study of 
culture changes. If we can add any- 
thing to such methods, we shall have 
justified the expenditure. For then 
there will be something that can be 
taken away from this field and used in 
others; there will have been some sharp- 
ening of a tool or two with which to at 
tack the problems of contemporary cir 
cumstance. 

If the study of several communities 

ong the range of civilization is carried 
ut as planned, it should itself consti- 
tute a sort of ease-history of the process 


f civilization. If the several communi- 


tae 


CUA 


IVILIZATION 


} 
students 


to get facts, as it 1s ¢ol 


ay 


these wavs 2o 


improve then 








EARLY HISTORY OF PETROLEUM IN NORTH 
AMERICA 


By Professor CAREY CRONEIS 


WALKER MUSEUM, UNIVERSITY OF CHICAGO 


WHEN a country, a family, a selence  separably linked with the rapid 


or even an industry is ‘‘on the make,’” of any industry or profession. B 
there is no time and little inclination for ditional somewhat iconoclastic d:; 
writing its history. But when an em- garding the first years of comme: 
pire finds ‘‘its place in the sun,’’ when production are contained in th: 
a dynasty is finally established, when a_ paper accounts of that period, a: 
science is widely taught and extensively number of essentially contempor: 





employed, or when an industry becomes books. Inasmuch as some of thes 
fundamental, then comes a ‘‘breathing umes, as well as other relevant fact 
spell,’’ in which their achievements be- now unavailable, even to the ay 
vin to be recorded. Only then are the’ technologist, and because the 
details of the early struggles which has never really been informed 
made them possible exhumed from the glamorous pioneer days of one 
contemporary, and often contradictory, greatest of the modern industries, 
accounts. Indeed, the very appearance is summarized here a few of t! 
of annals is to the eynie a tacit confes- well-known data concerning that 
sion of the early stages of desuetude. period. But before plunging into thes 
That the oil and gas industry, and historical accounts let us briefly) 
petroleum geology as well, are not now a few of the steps leading to the n 
on the crest of the wave, no one will development of this megaloman 


deny. But that they are already des- dustry. of 
tined to go the way of the Roman Em- In our present-day industrialis) 

pire or the Medici family, only a few of and gas are regarded as indispens 

the most pessimistic would affirm. Nev- yet less than 75 years ago not on rig] 
ertheless, the industry and the profes- of oil nor a cubie foot of gas was ver 
sion have now reached that stage of duced in the modern sense of th state 
robust maturity and (just now, en- though a few ‘‘gas_ springs’’ 

foreed) leisure in which they are inter- known, and a little oil was sk This 
ested in their own early beginnings. from seeps for medicinal purposes 
This is evidenced by the fact that in the pioneer wells of the late fifties 

last few years a number of geologists, past century were essentially S 


engineers and even captains of industry drilled; those of to-day are put d 
have been gathering together and pub- the most elaborate machinery 
lishing, chiefly in technical journals, early wells cost a few hundred di 
some of the pertinent data regarding the many of those drilled to-day cost 
early history of petroleum and petro- than one hundred thousand, and 
leum engineering in North America. have required a quarter of a millix 
Their accounts have dispelled, from lars for their completion. vag 
the minds of the experts, many of the Drake’s discovery well of 1859 \ 
misconeeptions and not a little of the 25 barrels of oil a day from a di pl 
misinformation that has become so in- less than 70 feet; some of the n 
124 
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PETROLEUM 


rs have a potential capacity of 


han 200,000 barrels a day, and 
ave tapped the oil sands at 
s of more than a mile and thre 


total world 


years ago was only a few 


I's The 


seventy 


production 


sand barrels, but, owing to the in 
singly feverish rate of production, 
Mother Earth’’ 
ximately twenty billion barrels ot 
per 
vas produced in the United States 
‘t, at the time of 


LucUust, 1929 


has how vielded 


quid gold, of which about 65 
peak production 
this countrys alone was 
the 
lion barrels a year. 

\ billion 
st ineoneceivable 
but 

total potential 
prolific fields. Man in his avidity has 
erdrilled most of the known produce 


; 


lucing oil at rate of more than 


barrels of oil a year is an 
amount orf petro 


even this does not represent 


production of our 


» areas until at many places the der 
‘ks at a casual glance seem to be in 
‘K-Step. AS a consequence, far more 

s have been drilled than actually 
were necessary for the optimum recov 

of the oil. Thus it happens that the 
‘*A dollar haif 


been spent for every dollar’s worth of 


statement. and a has 
petroleum produeced,’’ is not far from 
right As a further 
ver-drilling in 


consequence ot 
fields, 


necessary TO 


some several 


found it 
rate the production of each of its wells 


states have pro 
This proration is especially effective in 
Oklahoma the 
great oil triumvirate, where production 
limited to half 


California, and Texas, 


Is now about one 
capacity. 

In spite of our seeming deluge of oil, 
and the relatively recent price of a few 


‘ents a barrel in the East Texas field. 


many a disillusioned prospector will tell 

that ‘‘oil and gas, like gold, are 
where you find them.’’ So they are! 
I> 


but through the intelligence of man in 
4 ral and of engineers and ceologists 
particular, and, I 


I contess, 


must 


IN NORTH 


‘*It remained 


AMERICA 12 





COLONEL’? EDWIN LAUREN 


DRAKE, ABOUT 1865 
FROM AN OLD E> 


through sad experience as we 
learned that they are 
in *‘certain places.’ 
Through the efforts of Dr. I. | 
White, for many | O 
West Virginia, it became apparent (b 
that the 
‘certain places’’ are 


\p-folded into the strue 


ears state geologist 


1885 most prominent ol 
the rocks are 


tural condition known to the geologist 


as an anticline. In other words, 
garding entirely the highly controve 


sial subjects of the origin and migratiol 


of oil and gas. these substances gener 
ally accumulate in porous beds whic 
are bowed upward. Once this prinecip 

was established, scientifie drilling was 
limited to the relatively sma and 
fairly easily determined  anticlinal 
areas; and thus the percentage of dry 


} 


holes greatly decreased 

The claims of Thomas Oldham, 
Hunt, H. D. Rogers, E. B. Andrews, Sir 
William Logan, Alexander Winch 


and eonnectiol 


with 


others for priority in 

often have 
Howell says 
White to put 


VV it} 


this anticlinal theory 
But, as J. V 
for 1. C 


form 


been aired 


and econeise 


in elear 


amp { 
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supporting evidence, the theory as it Is 
now known, and furthermore to apply 
it widely and with undoubted success.’’ 
White himself has generously acknowl! 
edged that it was Mr. William A. 

he Forest Oil Company 


Tt! 


Earse 


man, of later 


a part of the Standard Oil Company 
who, although not a geologist, pointed 
out to him that a number of gas wells 


were located near points on maps where 
thi 


Geological Survey of Pennsylvania 


had drawn anticlinal axes. 
But nearly twenty years before White 


became interested in anticlinal control. 


a Canadian public land surveyor, Henry 
West, fully comprehended th 
value of this principle. 


e practical 
This IS conclu 


sively indicated by a number of facts 
On the title page of his ** Geology, i] 
Fields, and Minerals of Canada,’’ dated 
May 1, 1865, 


panying map shows 


the accom- 


lot. 


he states that 


each Conces- 
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sion, and ou hea 


EL n 
preface he savs further eco) 
map that 

The different fi ns 
are distinguished upon by « s 

iin anticlina 1X18 n wil nd 
? oe } tr I | 
re iso ma ed is | nds T ! 

' } : ex 
ext tv of tl Py nee, a 
Lal | rie et 

Later, he continues with s 
definite statements. The italics 

Scient reasoning nd 
subsequent pra é ! 
fully confirmed, has de str d 
alona. or near the « th ( 
in hydrocarbonaceous bearing fo! 
liquid petro may ¢f 

Some of the springs 1 Wes n ‘ 
pear to be on the ne of the g 
as before indicated, and others 
either on, or conne ed \ sul 
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THE LABEL THAT STARTED AN INDUSTRY 
FACS Oo} E ORI] 
for, the ¢« being lighter n water of oil and Ss, nol 1 n 
menting With 3 the strata, Bavuran, ining such struc s by 1 ! 
the h ghest part, or crown ot the dif } l 
‘ ne iat } ~ ~ demo 
anticlinals, where it s confined, and ; uate : , 
ones escapes nt t} erlying dk The fol] wing pi ? ir} | 
s or to the surface by natural rents, alies are West’s 
s, fissures, or borings. By the sinking of 
and the aid of artificia bor ngs, into the I sl 
ng oil bearing rocks below, and the sul 
discovered improved modes « r ning f S 
S r as the \ s pul ses f fe t S 
s uses have been nd in | i} ed t I I S ’ 
the means of gre ¥Y increasing its i i 
and augmenting its demand Rock o ‘ é / 
therefore created qu te i reantile rev 
in the article of light one ; and caused to be 
ilmost unparalleled new branch of manual, Dee l 
unical, and speculative industry to spring 
thin a very short period. 0 | 
therefore becomes a matter of the great 
importance to enquire, and if possible, 
ne where these anticlinals and their / 
linates are located in o bearing forn 
| 
West vives not a single reference. SO) a 
t it is impossible to ascertain whether 
be . . . . ti fi 
ot these ideas are original with him , 
It is just possible that he borrowed t} 
some of them from Hunt, whose some t] 
similar views had appeared in : . 
. . ve / tj 
print four years previously. But, at 
‘ p 
event, no one at this early date had 
i so clear a conception of the impor The revival of old depleted 
t of structure in the accumulation another petroleum practise 
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GEORGE H. BISSELL ABOUT 1870 
FROM AN OLD WOODBURYTYPI! 


generally considered to be a recent en- 
gineering triumph. Indeed, A. Beeby 
Thompson, in 1925, said, ‘‘ Previous to 
the year 1905 the Baku oil fields of Rus- 
sia offered a very favorable field for air 
lifts. . . . In 1899 the first experiments 
with an air-lift were made under the 
supervision of the author.’ 

A much earlier instance of the re- 
vival of old wells, and the use of a 
primitive, but apparently effective sort 
of air-lift is recorded in the following 
Pennsylvania newspaper account of 
1865, reported in ‘‘ Derrick and Drill.’’ 
The italies are mine. 

The large flowing-wells have generally stopped 


ifter twenty-five or, thirty months’ flow. Some 


few have continued, with diminished volume, 


over three years The pumping-wells have 
iveraged about the same duration. In 1863, 


and until the latter part of 1864, comparatively 
few new wells were sunk. During this period 


he 


many wells gave out, and many were aban 


doned It s s ! 
the pas ght 2 
( ist | rod 
their vie | s f S S 
any j 
ht adi " 
/ al 
Among ie noted stances 
on the Mel nny f 

( h 
barrels 1 | 
farm; the old SI 
fla S;5 ind | P Ss 
has spontan 4 3 sf 
sionn nt l s () “T 
ire « ed ! S 
sure or 1 vas 
greater! I n ‘ sul 
When s gr Ss S 
haustion t n eg bi ! ! 
pressure, the flo ises un 
is applied, or n fresh a 
gas causes a res } n | fl 

It mav | sat s } I 
tl Ss time no he eX S ’ 
exhaustion of the gas which elevates 


that has produced an embarrassme 
mining which threatened at one t 
? 


its success, but w 


hiel Ss now bi 


application of ne\ ind ef ent 


The famous Professor Hem 


++ 


Rogers, himself, may have wri 
account. At any event, in 15 
same year the quotation was writ 
gave a paper before the Philos 
Society of Glasgow, in whicl 
point he used essentially the san 
as those of the last paragraph 
propound this modern idea 

The place of ‘‘Colonel”’ 
Laurentine Drake (1819-1880 


} 


annals of petroleum is well estab 


but in recent vears only a few 

have eared to give any but th 
dary story about him. Moreov 
importance of George H. Bissell a 
role of Samuel M. Kier in the ea: 


tory of the industry are now esse! 


forgotten. The interrelationship 
work of these three men makes at 
esting story. In part, it can b 


structed from newspaper account 


writer in the Meadville Republ 
March, 1865, signing himself ‘* W 
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nt the following letter from Alleghany 


seli 


look into the 


f refined petroleum, and its application 


ng occasion recently to 

luminator, I was surprised to find that 
nan who was unquestionably the first to 
pur- 
entirely overlooked in the published 


refined petroleum to illuminating 
stories. This is the case in Appleton’s Cyclo- 
other re 

For the 


which. however excellent in 


ts, needs some amendation in this. 


sake. therefore, of historical justice, and lest 


should happen on this (as it has happened 


some 





previous valuable discoveries) th 


redit should not be awarded to the proper 


erson, I propose to make a brief statement of 
ts in behalf of a very worthy but modest 
who is certainly entitled to the honor of 
ng first this 
lluminator to the public. 
Samuel M. Kier, of the city of Pittsburgh. 
The facts as stated in Appleton are substan 
That the 


Coal-oil, 


almost incompar 
I refer to Mr. 


introduced 


vy these: 


success attending the 
ifacture of and the identity of 

erude coal-oil with the natural petroleum, 
suggested the idea of applying to the natural 

the same methods of purification invented 
for the artificial; that the first 
his kind was made by Eveleth & Bissell, of 
New York, in 1854, who tested some oil from 
Oil Creek, the result of which was satisfactory. 


After 


movement of 


this no progress was made for some 


The statements I have to make in favor of 
Mr. Kier’s priority are these, abridged from 
valuable data in my About the 
ear 1849, Mr. Kier discovered oil coming up 
of his salt-wells near 
egheny River.1 After a time it accumu- 

I 


possession. 


m one 


Tarentum, on 





ited in the receiving tank to such an extent as 
become troublesome; and not knowing what 


se to make of it, he let it run away. Oil was 


discovered about the same time coming up from 
(Mr. in the same 
About six months after the 
discovery, Mr. Kier conceived the idea of put- 


ting it 
Ling it 


nother salt-well Peterson ’s) 


neighborhood. 


up as a medicine, and to prevent com- 
purchased also the oil from Mr. 
Peterson’s well for five years. Some of the oil 
was then disposed of, but Mr. K. found in the 
of a few months that he could not thus 
use all the oil the wells were producing, and 
did not know what to do with the surplus. He 
sent a portion of it to Philadelphia, to Profes- 
1 Other 


documents show that the Kiers, 
father and son, had been troubled by oil in 


their salt wells for ‘‘many years’’ prior to 
1849, 


petition 


jurse 


PETROLEUM IN NORTH 


AMERICA 





sor Booth, to have it analyzed, in hopes of find 
ing some other use for it When Mr. Kier 
went to see Mr. Booth, the professor informed 
him that he found the largest portion of it 
naphtha, which, he thought, would be usef n 
the gutta percl fa I i. 2 n 
Mr. K. went to New York, had it tested, found 
it would not answer, and reported accordingly 
to Professor B é rofessor tl 
him that if he could get a suitable I 
structed to burn it, it would make a splendid 
iminat ) H ilso gave him instr 3 
how to ll or refiz t Mr. K. went | é 
and immediately got to work, put up a little 
refinery, and informed the mechanics what kind 
of lamp he wanted. Soon two men came in on 
the same evening, each having a lamp in his 
hand. They lighted them, and such was t 
effect, that each ne claimed the super 
for his own manufacture, and they commenc 
quarreling over the merits of the respective 
lamps. Mr. K. reconciled them by concealing 
the excellencies of both, and s iggested a pa 
nership. They opened a » store on Wi i 
Street, Pittsburgh, Mr. K. furnishing 
rhey proved, howeve r, to be ‘‘ crooked st ks,’’ 
who soon quarreled again, and first ne left 
and then the other, kk ng the w e 1 ness 
on Mr. K.’s hands. Such was the demand for 
the oil now, that he could not get enough from 
his wells. sut he thus used all he could obtain 
from his own and other salt-works for about 
five years, from 1850 to 1855. The year before 
this latter date is the one named in Applet 
as the time when Eveleth & Bissell made their 
experiment with oil from Oil Creek. Mr. | 
sell gets the credit of first cones living the idea 
of boring for oil. He, and perhaps other 
parties interested, sent out Mr. Drake, wl 
sunk the first well on Oil Creek This was, I 
think, in 1859. Before ymmmencing his opera 


tions, Mr. Drake went to Mr. Kier’s wells on 


the Alleghany, examined hire 
blacksmith who was then working for Mr. Kier 
and bore for him. The 

Mr. Drake struck oil at ; 
feet, from which dates the great oil excitement 
of the day. But it may not be known that Mr 
that from Mr. 
refined it at his refinery 
would seem that Mr 


to go 
known. 


Kier bought the first oil 
Drake’s 
From these facts it 


came 
well, and 
Kier, 
of our own good commonwealth, prompted and 
assisted by Professor Booth, also of our State, 
refined and used refined petroleum, as an illu 
minator, for from four to five years before the 


first well was sunk on Oil Creek. This many 
of the purchasers of Kier’s ‘‘ecarbon oil’’ in 
Pittsburgh and elsewhere can testify. Before 


oil was obtained by boring on Oil Creek, the 


writer himself brought here, from Mr. Kier’s 
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establishment in Pittsburgh, the first ‘‘ carbon 


oil’’ and lamp that ever came to the place. 


But in addition to being a pioneer re- 
finer as well as the man who supplied 
the mechanic to bore Drake’s well, Mr. 
Kier was indirectly responsible for Bis- 
sell’s very idea of drilling for petroleum. 
This results from the fact that the 
‘‘medicinal oil,’’? which Kier put on the 
market in 1849 at fifty cents a bottle, 
earried an extraordinary label which 
was to play an important role in the 
lives of Bissell and Drake. But before 
going further into this story it is neces- 
sary to outline some of the early activi- 
ties of Mr. Bissell, who, although now 
essentially forgotten, was without doubt 
the guiding spirit in the embryonic days 
of the petroleum industry. 

George H. Bissell (1821-1884) was 
born in Hanover, New Hampshire, was 
graduated from Dartmouth College in 
1845, and was for a short time professor 
of Greek and Latin at Norwich College. 
After newspaper service in Cuba and 
later at New Orleans, he became the 
superintendent of public schools at that 
city. In 1853 impaired health forced 
him to return north, where he formed a 
law partnership with J. G. Eveleth in 
New York City. 

Calling on his old tutor, Professor 
Crosby, at the latter’s office at Dart- 
mouth, he saw there a bottle of petro- 
leum from Oil Creek, Pennsylvania. 
This oil had been brought to Hanover 
by another Dartmouth graduate, Dr. F. 
B. Brewer, who, having used it success- 
fully in his practise, had submitted a 
sample for analysis. Mr. Bissell’s ac- 
tive mind at once visioned the possibili- 
ties in this product, and, with Mr. 
Eveleth, he immediately purchased for 
$5,000 what were thought to be the chief 
oil-lands of Pennsylvania. Then in 
1854 these two men organized ‘‘The 
Pennsylvania Rock Oil Company,’’ the 
forerunner of all the modern oil cor- 





porations. Thus, modestly, 
present $4,000,000,000 a year 

The company attempted 
much success, to develop their 
means of trenching for the oi 
eouraged by the small amou 
leum obtained in this fashi 
and Eveleth employed P1 
Silliman, Jr., of Yale, to anal: 
product. Professor Silliman’s 
published in 1855, attracted 
able attention in the East, and 
reorganization of the compa 
Silliman as president. 

Some idea of the difficulti 
the early stages of organizati 
gained from a letter written fr 
York on November 6, 1854, to t 
Dr. Brewer who brought the 
ple of oil to Dartmouth. T! 
follows: 


t 





Dear Sir: We have had to e1 
obstacles in the way of organizing 
stock company, and shall be un 
our papers at the time originally } 

Mr. Eveleth will go on at the ear 
ble period and will then be prepared 1 
everything to our mutual satisf 
not think, however, that it will be } 
Mr. Eveleth to arrive in Titusvi 
18th or 20th inst. 

We have obtained our stock-l 
cates of stock, signs, etc., etc., and 
everything to insure success whe1 
get under way. We have forw 
gallons of the oil to Mr. Atwood of 
eminent chemist, and his report of tl 
of the oil and the uses to which it 
plied are very favorable. Professor § 
of Yale College is giving it a tl 
sis, and he informs us that so far 
yet tested it, he is of opinion that 
a large proportion of benzole and napht 
that it will be found more valual 
poses of application to the arts 
medicinal, burning or lubricating fluid 

Our expense of a thorough analysis 
very heavy; but we think the mone} 
well spent. We send you a proof-sh 
certificate of stock. The book will | 
of course on bank-note paper. 

Let us hear from you at your ear 
venience, and believe us, 

Very truly yours, 
EvELETH & BI 








There is no doubt that Silliman’s re- 
rt. although certainly not prophetic, 
determined the economic value of 
‘roleum, since it proved that for many 
ses it was superior to coal oil. His 
istive analysis, which cost $1,200, 
1s paid for entirely by Bissell and 
Eveleth. Inasmuch as they were only 
lerately wealthy men, their faith in 
future of petroleum, in that earlier 
neriod of depression, must have been 
ry great. 

The value of their product now being 
established, their only difficulty was in 
enlarging the supply. But this, indeed, 
seemed impossible, for more elaborate 
trenching had failed to increase their 
yield. It was at this time that Mr. Bis- 
sell again showed himself to be a real 
pioneer by arriving at an idea. As J. 
T. Henry, an essentially contemporary 


writer, has said: 


It was the idea of obtaining Petroleum by 
ns of artesian wells. It was a simple 

wht, but significant—a thought which, as 

Professor Silliman remarked, was the one of 
hers most naturally suggested by the 

is phenomena that had attended the dis 


veries of Petroleum in the saline of the 


Muskingum and Kanawha, the first idea that 
should have been suggested to a mind cogni- 
nt of all these circumstances; and yet, 


izh himself editor-in-chief of the periodi 

in which the circumstances were described, 

very candidly confessed, that throughout 
he five months he was prosecuting the analy- 
sis, the thought of artesian boring never once 
curred to him. And yet of all in any way 
connected with these first transactions, he was 
the only one of whom we had a perfectly rea- 
sonable right to expect such an idea; but Pro- 
fessor Silliman’s interest in the matter termi- 
nated with the conclusion of his elaborate 
analysis, for though he perfectly comprehended 
its value, he never expected to see it obtained 
in any great quantity, and the two hundred 
shares of stock he held were given him in 
order to make him president of the company, 
and thus secure the prestige of a name re- 
nowned in science. 


According to contemporary accounts, 
which, of course, may be apocryphal, 


2 American Journal of Science. 
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were mailed to ‘‘Colonel E. L. Drake, care of 
Brewer, Watson and Company,’’ before ever 
the man left New Haven. 

The title was the pure invention of Mr. 
Townsend who generously acknowledges his 
pius fraudum, and in the oil region and else- 
where, he has ever since been known as Colonel 
Drake. 

Meanwhile the Pennsylvania Rock Oil 
Company was having still other difficul- 
ties, and thus on the 23rd of March, 
1858, there was formed another associa- 
tion designated as ‘‘The Seneca Oil 
Company.’’ 

The basis of their association was the lease. 
Mr. Drake appeared as the principal stock- 
holder; but no stock was ever issued. It was 
in effect only a partnership, the members of 
which sought protection against each other 
under the laws for joint-stock companies. 
From the little influence he possessed in the 
management of their affairs, it is evident that 
Drake could have furnished but little of the 
capital. He was not in a situation to do so. 
For eight or ten years previous he had been a 
conductor on the New York and New Haven 
railroad, at a salary of seventy-five dollars per 
month, and the little he had been able to save 
from such a pittance had been swept away by 
an unlucky investment the year before. 

Drake, engaged at a salary of $1,000 
a year, arrived in Titusville with his 
family on about May 1, 1858. But for 
various reasons the well was not started 
until the middle of June, 1859. And 
then after many delays occasioned by 
the eaving of surface material, Drake, 
about in mid-August, tried the experi- 
ment of driving an iron tube through 
the sands and elay to solid rock. This 
procedure solved the problem, and was 
Drake’s only real contribution to petro- 
leum technology. 

On Saturday, August 28, 1859, the 
drill dropped into a 6-inch crevice, mak- 
ing the total depth of the well 694 feet. 
Withdrawing the tools, Mr. Kier’s for- 
mer driller, William Smith, went home, 
intending to resume operations on the 
following Monday. But in examining 
the well on Sunday, ‘‘Uncle Billy,’’ as 
he was called, saw a dark fluid in the 
hole. Plugging the end of a tin water 


spout he let it down with a stri; 
When he drew out the spout it was fy!) 
of oil! This was the humble prot 

of the great modern oil wells. 


The pump was at once adjusted, and t 
commenced producing at the rate 
twenty-five barrels a day. The news 
like lightning. The village was wild wit 
citement; the country people round cam: 
ing down to see the wonderful well. 


Here again Mr. Bissell (as well as 
of his partners, Mr. Jonathan Wats 
showed his keen judgment; and Mr 
Drake demonstrated his lack of w 
standing of the very product with 
his name was to be inseparably li 


Mr. Watson jumped on a horse and | 
straightway to secure a lease of the sprir 
the M’Clintock farm, near the mouth 
ereek. Mr. Bissell, who had made arra 
ments to be informed of the result by 
graph, bought up all the Pennsylvan ' 
Oil stock it was possible to get hold of 
securing much of that owned in New Haver 
and four days afterward was at the wi 
views of the matter had ever been the br 
as his transactions had been the boldest. 

While others were seeking for surfac 
cations before leasing, he rushed forward 
secured farm after farm down the creek 
along the Alleghany, where there were 1 
face indications whatever. The result 
proven the wisdom of his conclusions. 
unfortunately took a narrower view 
matter. He pumped his well in the com; 
conviction that he had tapped the mine! 
was probably led into this supposition by 
seemed to him the remarkable incident of | 
ing struck a crevice. No money was paid 
most of the leases taken at first; a royalty 
an eighth or a quarter only being reserv 
the easy old farmers who owned the land, and 
without a cent he might have secured any qua! 
tity of territory. He was repeatedly ad\ 
to do so by shrewd men who were themsel' 
laying the foundation of fabulous fort 
but it was his fatal misfortune to disregard 
that advice. When several other wells had 
been struck, and his eyes were opened t 
mistake, it was too late, the golden opp 
nity had fled. 


But by 1863, Drake, by acting as an 
oil commission merchant, and the Titus- 
ville justice of peace, had gathered t 
gether a fortune of about $16,000 





V 
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With this sum he entered the brokerage 
business in New York. In a few months 
he had lost it all. He came ill from a 
neuralgie affection of the spine, and re- 
urned to Titusville essentially as a 
eggar. The kind-hearted citizens at 
once raised $4,200 for the relief of him- 
self and family. Finally, in recognition 
of his services to the state, the Pennsy]- 
vania legislature in 1873 granted him 
and his wife a pension of $1,500 a year. 

In contrast to Drake’s sad end, Bissell 
grew in wealth and importance. In 
1864, he represented the oil dealers of 
Pennsylvania, and the Petroleum Board 
of New York, at Washington, where he 
successfully argued against taxation of 
erude oil before the Ways and Means 
Committee. He later became president 
or director of a number of large con- 
cerns. To his death he continued to 
maintain a powerful and beneficial in- 
terest in the industry which he had done 
so much to found. 


+ 
t 
1 
{ 


I close this historical note on the early 
days of oil and gas production with a 
quotation which appears to refer to the 
modern epoch : 


The oil companies are, in turn, passing 
through an ordeal wh N test their sound 
ness. One result may be that of wiping t 
a number of them; another may be that of 
increasing the list. Three years ago the nation 
felt the shock of a universal rise of prices. It 
is now staggering under the greater shock of 
a universal fall. 


At what moment the cloud 
may actually burst it is impossible to say, nor 
how soon the skies may become commer ally 
serene. , 
But this is history, too! The quota- 
tion, like the present paper, was written 
in April—but the year was 1865. Truly 
there is nothing new under the sun! 
The oil and gas industry, the petro- 
leum engineers and even the world at 
large should take courage from this un- 


warranted dirge from out of the past. 








RELATION OF EDUCATION TO THE SUCCESS 
OF EMINENT WOMEN 


By BERTHA BEACH THARP 


YONKERS, NEW YORK 


IN the past it was thought perfectly 
proper for an English-speaking woman 
to do housework, enjoy a garden and to 
indulge in the fine arts or to assist her 
husband in his work, but custom for- 
bade her working outside of the home 
for wages. To-day, this customary way 
of looking at woman’s work is gradually 
breaking down under social changes 
which can be traced to a movement 
stimulated by the doctrines and philoso- 
phies inspired by the French Revolution 
and given further impetus by the Indus- 
trial Revolution. Women are now en- 
joying greater freedom, socially, eco- 
nomically and politically, than they 
have in any other period of English his- 
tory. As a result of this freedom, 
women are being permitted to enter 
practically any of the occupations or 
professions they desire. 

Under modern conditions, women are 
no longer content with the routine 
duties of the home, as were their 
mothers and grandmothers, and are con- 
stantly in search of opportunities for 
broader development. Parents, too, are 
seeking information that will aid them 
in preparing their ambitious and capa- 
ble daughters for a_ successful life. 
With this in mind, a statistical study 
pertaining to the education of eminent 
women was made with a view of finding 
what correlation, if any, exists between 
education and success. 

In approaching the problem; the most 
practicable procedure was to analyze 
educational data pertaining to women 
who have achieved success in recent 
years. It was found that ‘‘Who’s Who 
in America’’ offered the best source for 
the desired information; accordingly, 


one thousand women were select 
random from this publication { 
and data pertaining to their ed 
were assembled. 

The first step in the analysis 
data was the grouping of the w 
according to oceupations or pr 
representing their major act 
This grouping indicated that the 
majority of the eminent women 
engaged in professional work, while 
a small proportion had entered bus 
or an occupation. The largest grou; 
about one third, were authors, w! 
second largest group, constituting ab 
one fifth, were educators. 

There is a fairly high correlati 
tween education and the success g 
by the women of this survey, jud 
from the fact that about 75 per ¢ 
them were credited with training i: 
dition to that received in high s 
About one half of the women atte: 
a college or a university, while 
one fourth received training in an a 
emy, institute or normal school or 
private training. In the case of 158 
the women, no reference was madi 
their education, except that they | 
been educated in the public schools 
These findings indicate that the chances 
of gaining success were about twice as 
great for the women who had a college 
education as for those privately trained 
or educated in an academy, institute 
a normal school. 

The chances for women gaining s 
cess without college education \v 
much more favorable at the beginning 
of this century, as is shown by the fact 
that 32.25 per cent. of the women listed 
in ‘‘Who’s Who in America”’ for 1905 








A a te 





SUCCESS OF EMINENT 


led college or a university,’ as 


pared with 51.5 per cent. of the one 
sand women included in the 1929 
The difference between 
percentages indicates an increas- 
education and 
that it will be 
for women of the future 

in suecess without higher educa- 
n. notwithstanding the fact that it is 
ten contended that a generalization 
erning the relationship of higher 
little value, 
upon 


) ib 1¢ation. 


orrelation between 
syecess. This signifies 


re difficult 


lueation to success is of 
since achievement is dependent 

th nature and nurture. 

Even though there is a difference of 
pinion as to the weight that should be 
given to formal training as a factor in 
the achievement few would 
deny that the mind is more quickly ori- 
entated to the accumulation of 
human knowledge by means of a college 


These same women might 


of Success, 
vast 


xperience. 
have become prominent through their 
precocity and ambition without formal 
training, yet it seems reasonable to be- 
lieve that their talents would be brought 
to fruition more quickly and effectively 
by institutional training than if left 
entirely to their individual efforts. 
This is, of course, a proposition which 
does not admit of positive proof. 

It is of interest to note that Professor 
Dexter concluded from his survey made 
in 1903 that the correlation between 
and achievement of 
vas not as great for women as it was for 
The lower correlation, as ex- 
plained by Professor Dexter, might be 
the result of a lower standard of emi- 
women than for But 
granting there is truth in this explana- 
tion, it is reasonable to believe that the 
standard of eminence for women will 
become greater, since higher education 
is becoming more prevalent 


education success 


men.” 


nence for men. 


among 
1**Who’s Who in America,’’ 1903, p. xix. 

***A Study of Twentieth Century Success,’’ 
pular Science Monthly, lxi, May—October, 


WOMEN 135 


Fal “7 “¥ tT ?) " 7 1 mcr 
According » the following 


‘*Biennial Survey 


women. 
data taken from the 
of Edueation’’ the 


women is increasing rapidly. 


number of colleg 


\bi I 
8 
N 1 ber of WA 
en enrolled 
( res il 
professional 
S hools 7 7 
Number « } 
calaureate di 
4 es confe 
ipon é 7 7 
Number < . 
‘ a y | 
conferred uy 
women 60: t+.S05 
Number of 
males in l 
~ * f +> 9RO f ‘ 7 OF 
*United States Statistical Abstract, 1929 
and 1930. 


While the great increase in the 
ber of college women in our country is 
chiefly the result of 
leisure and a popular desire for learning 


aBBRAI 
I Aili 


economic pressure, 


+ 


are influencing factors. In response to 
the wide demand for education among 
women, many state coeducational insti- 
tutions of 


established, and knowledge 


higher education have been 
obtained by 
all classes of women has been increased 
far beyond that of any other age 

It will be of interest to young women 
who are weighing the value of an edu 
eation to know that in less than tl 
years the correlation between success 
and education has become greater in ten 
of the professions listed in this study. 
According to a comparison of data of 
this survey with those of a similar one 
made in 1904, 


in the proportion of women 


there has been a notable 
increase 
having a education among the 
physicians, social workers and journal- 
Table IT. 


ists, as is shown in There was, 


3 U~. Ss. 


Department of Interior, Bulletin No 


16, 1930, p. 698. 
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also, a substantial increase among the 
missionaries, authors, educators and 
scientific women. The increase in the 
proportion of college-trained women 
among the artists, actresses and mu- 
Sicians is significant, although smaller 
than for the other professions. 


TABLE II 
PROPORTION OF EMINENT WOMEN ATTENDING 


COLLEGE, 1904 anp 1929 Surveys‘ 
Occupational Attended college 
“ Increase 
and (per cent.) ; 
. in 
professional - " 
: proportion 
groups 1904 1929 
Authors 12.70 46.58 33.88 
Artists 2.90 20.00 17.10 
Educators 46.00 76.11 30.11 
Journalists 18.50 60.46 41.96 
Actresses 1.70 19.40 17.70 
Musicians 2.30 19.73 17.43 
Social workers 14.40 54.68 60.28 
Physicians 33.33 100.00 66.66 
Scientific women 41.00 70.27 29.27 
Missionaries 58.50 72.72 34.20 
Librarians ?? 85.18 


Lawyers ? 100.00 


The relation between success and col- 
lege training was greater in certain 
fields of activity than in others. There 
is an exact correlation in case of the 
lawyers and physicians; and since 76.11 
per cent. of the educators attended col- 
lege and 70.27 per cent. of the scientific 
women, 72.72 per cent. of the mission- 
aries and 85.15 per cent. of the libra- 
rians received higher education, there is 
a fairly close correlation in these cases. 
The correlation between success and 
higher education for the artists, actresses 
and musicians is comparatively low, but 
the relation in case of the social workers, 
politicians and authors would indicate 
that the women without a college educa- 
tion had as many chances of gaining 
suecess as did those with college train- 
ing. 

The taking of a graduate degree does 

4Amanda Carolyn Northrop, ‘‘ Successful 


Women of America,’’ Popular Science Monthly, 
Ixiv, 1903-1904, p. 237. 


not appear to have increased the e 

of success, since as many women ¢ 
eminence with only a baccalaureat 
gree as did with a graduate degree. | 
the 412 women who earned coll 
grees, 198 received baccalaureat 
grees, while 214 took degrees repr 
ing more than four years of study 
number earning graduate degre 
slightly less than 214, since it 
possible in a few cases to dist 
earned from honorary degrees. 
data show that only a small pere 
of the authors, artists and mus 
were credited with postgraduate 
while about half of the educators 
scientific women received credit 
vanced work. About one fourth 
journalists and one third of the 
rians earned graduate degrees. 

Four of the high correlations bet 
success and college preparation 
accompanied by low percentages of 1 
riage, as is shown in Table III. Al 
50 per cent. or less of the law) 
physicians, educators and _ libra: 
were married, while 76 per cent. or 
in each group attended college. Quit 
the reverse took place among the art 
actresses and musicians. Over 50 
cent. of the women of each of 
groups were married, while less than ° 
per cent. were college trained. 
librarians showed the lowest correlat 
between marriage and college educat 
The difference in correlation was 
particularly great for each of th 
lowing groups—authors, journalists 
missionaries, politicians and social w 
ers. These data support the theory 
education discourages marriage. 

Data were compiled to show the ages 
at which the women of this survey w 
graduated. Although it was not possi- 
ble to ascertain the ages of the entir 
group, a sufficient number were f 
to give a fair idea. The ages of gradua- 
tion for the sample group ranged fron 
sixteen to fifty-one years. In the fie! 
of art, 70 per cent. of the degrees w 
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TABLE III 
Pex CENT. DISTRIBUTION OF EMINENT WoMEN 
Wuo ATTENDED COLLEGE AND WHO 
MARRIED, 1929 DATA 


Per cent. of 
women who 
attended 


. 
college 


Per cent. 
of women 


Occupational and 
I rofessional 
groups married 


Physicians 38.00 100.00 





Lawyers 50.00 100.00 
Librarians 22.22 85.18 
Educators 35.84 76.11 
Missionaries 54.54 72.72 
Scientific women 48.64 70.27 
Miscellaneous 60.00 70.00 
Journalists 55.81 60.46 
Social workers 75.00 54.68 
Politicians 68.75 50.00 
Authors 59.90 46.58 
Artists 51.00 20.00 
Musicians 67.10 19.73 
Actresses 64.17 19.40 





received on or before the twenty-third 
year, while in the field of science 56 per 
cent. were earned within this age range. 
No degree in science was taken earlier 
than the eighteenth year, while several 
degrees in art were received before this 
age. These data show a tendency for 
the degree in science to be taken at a 
more mature age than the degree of art, 
which result may be explained in part 
by a few of the women taking two de- 
grees. When this occurred, the bache- 
lor of art degree was usually taken first 
and the bachelor of science second. 

The ages at which the master’s degree 
was earned ranged from twenty to fifty- 
one years. About one third of the 
women whose ages were given took this 
degree on or before the age of twenty- 
five, while the remainder took the de- 
gree after that age. In the majority of 
cases a period of two or more years in- 
tervened between the time of taking the 
undergraduate and the graduate degree. 
Doing graduate work at a more mature 
age might very well be a factor which 
added to the superior preparation of the 
eminent women. Professor Thorndike, 
of Columbia University, has expressed 


the view that we err in considering early 
learning as a law of nature and as being 
invariably superior. 

Since 258, or about one fourth, of the 
women of this study spent some time 
abroad, it is evident that there is a cor- 
relation between success and travel. 
Professor Ellis concluded from his study 
of ‘‘British Genius’’ that travel played 
an important role in the achievement of 
success. The present study shows that 
61 per cent. of the artists and 44.73 per 
eent. of the musicians spent some time 
in foreign countries. Only 28.80 per 
eent. of the educators traveled abroad; 
the proportion of those traveling or 
studying in other countries varied 
among the remaining groups from 24.32 
per cent. of the scientific women to as 
low as 4.76 per cent. of the physicians. 

It will be of interest to those who dif- 
fer in opinion concerning the value of 
training women receive in coeducational 
institutions and that received in 
women’s colleges to learn that 70, or 
13.59 per cent., of the 515 college women 
enrolled in colleges exclusively for 
women; 100, or 19.41 per cent., attended 
women’s colleges and coeducational col- 
leges, while the remaining 345, or about 
67 per cent., received their training in 
coeducational institutions. This means 
that only a small percentage of the col- 
lege women were educated in institu- 
tions where men instructors did not pre- 
dominate. 

The proportion of eminent women 
who attended five of the large private 
eolleges for women has _ practically 
doubled since a similar study was made 
in 1904.6 Data in Table IV show that 
51, or 5.34 per cent., of the women of 
the 1904 study attended either Bryn 
Mawr, Vassar, Smith, Radcliffe or Welles- 
ley as compared with 134, or 13.4 per 
cent., of those included in the 1929 sur- 

5 Havelock Ellis, ‘‘ British Genius,’’ Popular 
Science Monthly, lviii, 1900-1901, pp. 59-67. 

6Amanda Carolyn Northrop, ‘‘ Successful 
Women of America,’’ Popwlar Science Monthly, 
Ixiv, 1903-1904, p. 237. 
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TABLE IV 
NUMBER AND PERCENTAGE OF EMINENT WOMEN 
ATTENDING SELECTED WOMEN’S COLLEGES, 
1904 AND 1929 SURVEYS 


1904 Survey* 1929 Survey 


Name 
of Number Per cent. Number Per cent. 
college attend- attend- attend- attend- 

ing ing ing ing 
Vassar 19 1.99 33 3.3 
Wellesley 13 1.35 32 3.2 

Smith 8 83 3 3. 
Radcliffe 7 73 19 1.9 
Brya Mawr 4 41 19 1.9 
Totalt 51 5.34 134 13.4 


*Amanda Carolyn Northrop, op. cit., Vol. 
lxiv, p. 241. 
t Total number in 1929 Survey, 1,000; total 


number in 1904 Survey, 954. 


vey. This increase, however, must be 
attributed in part to the fact that the 
proportion of women attending both pri- 
vate and coeducational colleges increased 
greatly during the same period. 

To throw additional light on the edu- 
cational background of these eminent 
women, it was thought worth while to 
assemble data pertaining to the sororities 
and the honorary organizations to which 
these women were elected, since member- 
ship in these societies is in a measure 
indicative of the social inclinations and 
scholarship of the women. Of the col- 
lege graduates 28, or 6.79 per cent., were 
members of professional organizations, 
and 79, or 19.17 per cent., were elected 
to honorary societies noted for high 
scholarship. The majority, or 71, of 
those elected to honorary organizations 
were members of Phi Beta Kappa. 


GENERAL SUMMARY AND 
CONCLUSIONS 
It is very probable that the general 
results of this study could have been 
reached by reasoning and observing, but 


it is believed that conclusions 
more weight when backed by stat 
data. 

The evidence developed in this 
shows that the proportion of wom 
tending college has increased ¢ 
ably among the women of ‘‘ Who’s 
in America’’ since the early part 
present century. The analysis su 
the view that women trained in ¢ 
have greater chances of gaining 
nence than do women trained in inst 
tions of less than college rank; | 
data show that there is a higher 
lation between college training a1 
cess in certain fields of activity tl] 


others. The conclusion is that a e 


+ 


education is of less importance 
artist, actress and the musician t} 
is to the women in the other groups 
appears from the study that trav 
an important part in the lives of 
artist, actress and musician, but | 
a less important réle among the 

in other fields of work. Contrary 
what might be expected, the find 
show that among the college grad 


the chances for success were as 
for those who did no graduate w 
for those who pursued advanced courses 
nevertheless, the correlation bet 
graduate work and success was gr 
in a few professions than in the ot 

There is support in the study f 
view that education necessary for s 
cess in certain professions means, 
measure, a sacrifice of marriage. 

In general, the study shows a tre! 
for education to play an increasi’ 
important role in the gaining of success 
by women, and leaves the impress 
that women of the future will fi! 
more and more difficult to compete 
a place among the eminently success 
without a thorough college training 
background for their work. 
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THE USE OF THE EXPERIMENTAL METHOD 





IN THE STUDY OF HUMAN PARA- 
SITIC INFECTIONS 


By Professor ERNEST CARROLL FAUST 


TULANE 


INTRODUCTION 
Tue earliest studies on parasitic in- 
and the which they 
produce were observational and analyti- 
sal in character. 2 300 
years before the Christian era the Chi- 
nese recognized the three species of ma- 
laria plasmodia on the basis of the types 
of fever which they produced. They 
also observed that malarial fevers or 
ague were associated with 


diseases 


fections 


As early as 


‘spleen cake’ 
or enlargement of the spleen. Later 
the Greeks and Romans not only differ- 
entiated the three kinds of malarial in- 
feetions by the febrile reactions which 
they produced, but also associated their 
occurrence with However, it 
was not until the middle of the nine- 
teenth century A.D. that any one sug- 
gested the possible relationship of 
mosquitoes or other insects to the trans- 
mission of this disease. The Medina or 
Guinea worm, Dracunculus medinensis, 


swamps. 


was well known in the days of Moses; 
he instrueted the Children of Israel how 
to twist this ‘‘fiery serpent’’ of the wil- 
derness out of their skin onto a rod or 
stick, but he had no idea that the infee- 
tion was initiated in man by swallow- 
ing a crustacean animalcule, Cyclops, in 
raw drinking water. 

The Egyptians of the sixteenth cen- 
tury B. C. probably recognized Ascaris, 
the hookworms and tapeworms; the 
Greeks referred to tapeworms and 
hydatid, and the Arabian physician, Avi- 
cenna, who lived during the tenth cen- 
tury of our era, wrote on tapeworms, 
Ascaris, hookworms and the pinworm or 
seatworm (Enterobius vermicularis) and 
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methods of expelling these worms from 
the body. After the Middle Ages phy- 


sicians and workers in the natural sci- 


ences began to discover and classify 
various worms, visible to the naked eye, 
commonly found in man and domestic 
animals. 


ternal characters of the worms for pur- 


Because they employed only ex- 


poses of differentiation they confused 
flukes (trematodes) with leeches and 
failed to realize that tapeworms and 


bladder worms were separate phases of 
With the advent 


internal anatomy 


the same life cycles. 

of the microscope the 
of the larger parasites 
studied and 
these organisms were described. 


the worms) was 
numbers of 
This 
led to the erection of a huge system of 
artificial which 
possibly the greatest ‘‘white elephant’’ 


tremendous 


classification is to-day 
in attempts to elucidate the life cycles 
of these organisms. While the speaker 
does not wish to belittle the careful de- 
scriptions of parasites made by 
gators of the past century, and realizes 
that these studies have been the founda- 
tion for all subsequent serious biological 


investi- 


work on the subject, it is certainly true 
that the morphologist and the systema- 
tist by their shortsightedness have 
quently kept the doors closed to the big- 
ger, more vital sphere of experimental 
inquiry into the realm of parasitic in- 
fections. 

Among the earliest helminthologists to 
realize the value of experimentation were 
Kickenmeister, 1852 1854 
demonstrated that bladder worms were 
larval stages of tapeworms, and Leuckart, 
who with 1854 elucidated 


fre- 


who in and 


Virchow in 
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the life cycle of the trichina worm 
(Trichinella spiralis). Later (in 1882) 
Leuckart experimentally proved the re- 
lationship of the several stages in the 
life eyele of the sheep liver fluke (Fas- 
ciola hepatica), and in the same year 
demonstrated the successive stages in the 
development of the diminutive intestinal 
nematode parasite of man, Strongy- 
loides stercoralis. Meanwhile, Fed- 
schenko (1869) had incriminated Cy- 
clops in the transmission of the Medina 
worm, and Patrick Manson (1878-1879) 
had shown that a culicine mosquito was 
involved in the transmission of Ban- 
eroft’s filarial infection. With this lat- 
ter discovery the modern epoch in ex- 
perimental investigation may be said to 
have gotten under way, for it was due 
to this discovery that Manson conceived 
the idea of the mosquito transmission of 
malaria, which was successfully demon- 
strated by Ronald Ross and by Italian 
scientific men just as the nineteenth cen- 
tury came to a close. One must not 
forget, however, that the involvement of 
the cattle tick (Boophilus annulatus) as 
the intermediate host of Texas cattle 
fever (piroplasmosis) by Smith and Kil- 
bourne in 1892-1893 constituted both a 
landmark and an inspiration for all sub- 
sequent workers in the arthropod trans- 
mission of disease. Furthermore, the 
elaborate demonstrations by Arthur 
Looss at the beginning of the present 
century (1905-1911) of the life cycle of 
the hookworm and its route of migra- 
tion through the human body served as 
a masterpiece for all subsequent studies 
in helminthology. 

The first accurate description of a 
pathogenic protozoan parasite was that 
of Lésch (1875), who discovered the 
pathogenic ameba (Endamoeba histoly- 
tica), described the associated symp- 
toms and pathology, and in the course of 
his studies inoculated dogs with the in- 
fective organism. This was the first ex- 
perimental work in parasitic proto- 
zoology. 


SIGNIFICANT ADVANCES IN Human P, 

SITOLOGY BASED ON THE Exp; 

MENTAL METHOD 

It now seems appropriate to rey 
in brief a few of the significant dey; 
ments of parasitology due to the us 
the experimental method. 

(1) Amebiasis. Following the 
work of Lésch (1875) in the use of 
dog as an experimental host for the | 
ogenic ameba (E. histolytica) Karty 
(1885-1891), Kruse and  Pasqu 
(1894), Hlava (1887) and Harris (19 
all used experimental animals, i 
ing dogs, cats, Jumping mice, gui 
pigs and rabbits, in attempts to « 
date the life cycle of the organis: 
remained for Walker and Sellards (191 
by the use of human volunteers to s| 
that free-living amebae and Endam 
coli were non-pathogenic and that am 
bie enteritis, including dysentery, de 
oped in a high percentage of individuals 
inoculated by mouth with ripe cysts 
Endamoeba histolytica. The later ex. 
perimental work of Kessel (1928 
kittens and pigs, of Dobell (1931 
monkeys and kittens, of Hegner and | 
colleagues (1932) on monkeys and of t 
writer (1930-1932) on dogs has d 
much to elucidate the method by whi 
infection is initiated, the lytic action 
the organism and the lesion which it « 
velops. These investigations have als 
served to demonstrate that all strains « 
E. histolytica are potentially pathogenic 


but that infected individuals may at any 


yy 


one time have symptoms of dysent 


chronic enteritis, vague intestinal or sys- 
tematic symptoms or may be symptom- 


less carriers. 

Very important in the development ot 
our knowledge of this organism has b 
its cultivation in the test-tube, whuc! 


was first announced by Boeck and Drbob- 
This technique initiated 
studies on encystation and excystation 


lav in 1925. 


and the nuclear divisions at the time « 
and subsequent to excystation | York 
and Adams (1926), 


Dobell 1929, 
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1928)]. Furthermore, Cleveland and 
Sanders (1930) have also obtained bac- 
teria-free cultures of organisms but have 
apparently shown that the ameba will 
not propagate in the test-tube in the 
absence of certain bacteria. Finally, 
Craig (1928, 1931), by demonstrating 
the systematic reaction to £. histolytica, 
in the form of antigenic substance in 
the blood serum, has developed a highly 
successful method for determining the 
presence of the organism in the bowel 
and for following the reaction of the 
body to the organism. 

2) Malaria. It has already been 
stated that the inspiration for the 
chal discovery of Ross was the work 
Manson and Manson’s hy pothesis of 


the mosquito transmission of this dis- 
ease. Ross as a young army surgeon in 
the face of almost insuperable obstacles 
successfully demonstrated that the mos- 
quito was the intermediate host and 
transmitter of this parasite. After three 
years of (1895-1897 ) 
with the estivo-autumnal human infec- 
tion Ross was transferred to a non-ma- 
larious area, but studied the develop- 
ment of another plasmodium in birds 
and succeeded in transmitting it from 
naturally infected birds through the 
mosquito to parasite-free birds (1898). 
The complete development of the human 
malaria parasites was demonstrated in 
Italy by Bastianelli, Bignami and Grassi 
in 1898 and by Manson in London in 
1900. That protection from malaria is 
provided by screening from anopheline 
dapple-winged) mosquitoes was first 
shown by Low, Sambon and Terzi in 
the year 1900 in an experimental hut set 
up in Italy at the suggestion of Manson. 
With the acceptance of the mosquito- 
transmission of malaria, work was ini- 
tiated in various parts of the world 
where malaria is rife, to determine the 
anopheline mosquito hosts of the infec- 
tion, both in nature and in controlled 
laboratory tests. In this way several 


partial success 
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dozen species of the genus Anopheles 
have been incriminated. It has been 
found, however, that all species capable 
of transmitting malaria in the labora- 
tory are not necessarily equally impor- 
tant under natural conditions, and that a 
dangerous mosquito host in one country, 
as, for example, Anopheles ludlowit in 
the Federated Malay States, may not 
be similarly important in the Philip- 
pines, where it also abounds. Here in 
our own area there are four or five 
anophelines, but only one, Anopheles 
quadrimaculatus, is responsible lor ma- 
laria as a wide-spread infection in the 
South. 

The introduction of the malaria plas- 
modium as a therapeutic agent in paresis 
by Wagner von Jauregg (1924) has 
opened an extremely important field for 
experimental study of the effects of the 
organism in the human body under con- 
trolled conditions, so that it is now pos- 
sible to observe the development of the 
infection from the time of inoculation 
until the infection is naturally controlled 
or until instituted. 
The studies of James (1926-1927) in 
England and of Boyd (1932) in Florida, 
in rearing anophelines, infecting them 
with known strains of malaria and later 
inoculating 
filled in many of the gaps in our knowl- 
edge of the interrelationship of para- 
site and hosts. 

Working other Clark 
(1929, 1930) in Panama and recently 
Knowles (1932) in India have studied 
malaria in 
found a monkey type of malaria which 
is fatal to a certain species of monkey, 
apparently symptomless in another mon- 
key and produces marked symptoms in 
human volunteers. In one host it is 
morphologically similar to the human 
tertian malaria plasmodium, in another, 
to the human quartan malaria species 
and in still a third has some of the char- 
acters of the estivo-autumnal parasite. 


chemotherapy 1S 


non-immune paretics, has 


along lines 


monkeys. Knowles has 
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This study has just been announced but 
promises remarkable opportunity for 
undertaking investigations on host-para- 
site relations. Growing out of Clark’s 
work (vida supra), Taliaferro (1932) 
has studied the host-tissue reaction in 
monkey malaria and has demonstrated 
experimentally much that has been sur- 
mised but never proved in human in- 
fections. 

On the therapeutic side within the 
past fifteen years tremendous efforts 
have been employed to develop experi- 
mentally satisfactory substitutes for 
quinine. Out of the hundreds of syn- 
thetic compounds studied plasmochin 
and recently atebrin have been found 
to give promise of definite use. 

In the field of malaria control, aside 
from therapeutic prophylaxis, intensive 
experiments have been made in attempts 
to prevent the breeding of malaria mos- 
quitoes. The introduction of the little 
fish Gambusia and the water-weed Chara 
into mosquito-breeding waters have 
been natural experiments of no small 
merit. Oiling of the breeding places 
and dusting with Paris green have re- 
quired infinite study to determine the 
most suitable materials, the best tech- 
nique and the practicability of each 
method. 

Thus malaria, the greatest scourge of 
mankind, has tested the ability of the 
greatest men of our times. Accomplish- 
ments in this field have been almost 
exclusively experimental in character. 

3) Trypanosomes. The discovery of 
the trypanosomes in Africa, first in 
eattle by Bruce (1895), then in man by 
Forde (1901, Trypanosoma gambiense) 
and by Stephens and Fantham (1910, 
T. rhodesiense) opened the way for dem- 
onstration of the tsetse flies as interme- 
diate hosts and transmitters of these in- 
fections (Kleine, 1909; Kinghorn and 
Yorke, 1912). The two human species 
morphologically indistinguishable in 
man, have been shown by murine inocu- 


lation to be differentiable in t] 
mental host. Meanwhile Chae 
showed that South American 
somiasis was transmitted by a 1 
bug, Zriatoma megista. The 
tions of Dr. Louise Pearce on 
panosomicidal properties of a1 
preparation, tryparsamide, first 
and later in human eases, n 
eeivably be taken from a mod 
bian night’s tale, were it 1 
as fact. 

(4) Rickettsial infections VV 
all more or less familiar with 
fices of life that have been ma 
phus fever, with its tremendous): 
mortality. Not till 1909 did t 
guished French investigator, | 
Nicolle, demonstrate that b 
played a role in the transmission 
infection. Another rickettsial i 
with high mortality, Rocky M 
spotted fever of our own Northwest 
shown by Ricketts (1906) to | 
mitted by a tick, Dermacen 
soni. Recently Parker, of the U.S 
lie Health Service, has developed 
eine which affords relative pr 
from this dread disease. In 
Japan a serious fever which br 
in the lower river valleys in sp1 
was first described by Baelz 
Believed by the country folk 
ciated with a little red mite, 77 
akamushi, experimental work on 
and monkeys has amply demonst: 
this hypothesis, while Nagayo 
1932) has shown that the organis1 
longs to the Rickettsia group. P 
typhus of Sumatra has also been 
to be transmitted by a red mite 
Brill’s disease and endemic typhus 
the United States have just r 
been found to be disseminated by) 
borne arthropods (mites and fleas 

(5) Yellow fever. Who of us 
familiar with the experimental st 
on yellow fever in Havana by Reed, ‘ 
roll, Agramonte and Lazear (1900 


na 
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of that the tiger mosquito was 
sponsible for this plague of all our 
Southern ports? With their proof in 
Havana, the Canal Zone, New Or- 
s. Mobile and Charleston were made 
existence. The 


of Stokes and his associates 


recent 


1928 


safe for human 


in demonstrating the susceptibil- 


the macaque to this infection has 
it possible to study the virus of 
and to vaccine 


} 
j 9 » 
S (Gistcan 


prepare a 
‘+h is at least partial protection for 


6) Hookworm Probably 


ext to malaria hookworm disease is the 


infe ction. 


infection 
has caused the death of untold mil- 
ns and has been responsible for in- 
The 
lisecovery of the worm by Dubini in 1838 
was followed by significant findings by 
Grassi in 1878, Perroncito in 1880 and 
Leichtenstern in 1886-1887. These led 
by orderly sequence to the experimental 
1896 and 
neluded in 1911, which provided us 
vith a complete story of the development 

this worm parasitic in the human 
ly and free-living in the soil, and the 
thed of human inoculation through 

skin. Looss used dogs primarily for 
is experimental studies, but submitted 

infection himself, in that he 
ight have more intimate knowledge of 
his problem. Following the development 
f a simple apparatus by the Dutch in- 
vestigator, Baermann (1917), for isolat- 
g the hookworm larvae from the soil, 
rt and his students (1921) began an 
xtensive investigation in the laboratory 
nd in the field to determine the bionom- 
ies of the hookworm. It is now possible 
by egg-count methods to estimate the 
worm-burden in an infected human be- 
ing. The development of the free-living 
Stages under different conditions of soil, 
moisture and temperature is now known. 
It has also been discovered that animals 
on a deficient diet are most susceptible 


st wide-spread parasitic 


— 


:leculable social and economic loss. 


studies of Looss, initiated in 


order 
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INFECTIONS 


and that animals : eT d diet 
gradually i l in t 
infection, so tl rel 

more and m a ult U1 l ‘ | 
tion, a skin l om n Florida 
and extending throug it ! Gulf 
_oast, s | I ind I I a i 
ho kworm., A? / st nid ad . f ‘ 
which commonly infects dogs and cats 
along our Southern shores but is Ss 
adapted to man as an intestinal 
fection. 

In the development of drugs fo1 
eradication of hookworms carbon tetra 
chloride was first advocated by Hall and 
his colleagues (1921 iS a good 
mintie for dogs. Human trial was 
tiated by Leac 1922 n conde d 
prisoners In Cey] n With the extens 
use of this potent vermifuge a few fata 
ties resulted from its administ ! 
Lamson and Minot 1925 ha ~ n 
that this, like eclamps is due te sta 
mine poisoning when there is an inad 
quate supply of calcium in the blood 
The more recent introduction of tetra 
chlorethylene and _ hexylresorcii as 
hookworm therapeutics in human med 
cine has been preceded by careful pha 
macologie studies on dogs and other lal 
oratory animals. 

7) Ascaris lumbricoides. The com 
mon roundworm of children has been 


known since ancient times. Only witl 
the past twenty years, however, has its 


life history been revealed. Thanks t 


the experimental work St 
1916 and of Ransom and Foste1 
1917) and Ransom and Cram (1921 


we now have proof that the ripe egg, 


when swallowe 


num, and that the emerging larva pens 


trates the 


intestinal wall to the mese 


teric blood vessels or lymphatics, is car 
ried through the right heart to the 
lungs and works its way out of the « 

carried 


ssages, 1s 


illaries into the air pa 


up to the epiglottis, migrates down the 
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esophagus and finally within the small 
intestine develops to the adult stage. 
The lung symptoms, during the passage 
of the larvae through this organ, were 
definitely corroborated by two Japanese 
volunteers who submitted themselves to 
experimental infection (1922) and at 
the appropriate time developed a typical 
‘* Ascaris-pneumonia.’’ Recently Cort 
and Otto (1929 et seg.) have carried out 
extensive epidemiological studies on As- 
caris, comparable to the earlier hook- 
worms investigation of Cort and his stu- 
dents. These have shown how and why 
the infection is essentially one of child- 
hood, since the ground around unsani- 
tated homes is seeded with developing 
eggs which are passed in the stools of 
infected children. The pharmacological 
studies of Lamson (1931) on the spe- 
cific vermicidal properties of hexylresor- 
cinol for Ascaris infection constitute one 
of the recent contributions to experi- 
mental therapy. 

(8) Strongyloides. 
tode, 
parasitizes the tissues of the upper in- 
testinal tract, is another example of a 
parasite for which information has been 
acquired by the experimental method. 
Discovered by Normand in 1876 and de- 
scribed by Bavay in the same year, the 
worm was shown by Leuckart (1882) to 
have both a parasitic and a free-living 
phase. At times the free-living phase 
was short, as in the hookworm; at other 
times a complete reproductive cycle de- 
veloped outside the body. Extensive ex- 
perimental work of Fiilleborn (1914) 
and by Sandground (1926) has eluci- 
dated the migration route through the 
blood stream and lungs and has indi- 
cated that climate is not entirely respon- 
sible for the extent or type of the free- 
living phase (whether direct or indirect 
in mode of development). Recent work 
of the writer and his associates (1931 
et seq.) has demonstrated for the first 
time the parasitic male, which appar- 


The minute nema- 


Strongyloides stercoralis, which 
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ently fertilizes the parasitic femal 
then dies or is passed in the stool. 
hyperinfective mode of development 
also been observed, wherein the larya 
by a telescoped type of development ma 
ture to the infective stage before pass 
ing out of the bowel and are capab| 
producing a hyperinfection of th 
tient. The 
mentally confirmed and elaborated 
work of Sandground in showing t 
stability of types of development 
their mutability from one type int 
other, especially from the indirect 
hyperinfective types into the direct ty 
(9) Filarial From 187 
when Manson larvae of B 
eroft’s filaria 
peripheral blood at night, the 
tory of this worm and its clinical 1 
festations have been a puzzling com; 
of fact and theory. Except for 
transmission of this worm from mai 





speaker has also ex) 


worms. 
found 
circulating in 


man by the bite of certain mosquit 
which serve as intermediate hosts 
is even now understood of its relat 
ship to its human host. Within re 
years the transmission of other hun 
filarial worms, including the loa 
(Loa loa), the persistent filarial w 
(Acanthocheilonema perstans) and 
convoluted worms (Onchocerca volv 
and QO. caecutiens), has been show: 
take place through the bites of bl 
sucking flies. The studies of Strong 
(1930-1932) and of Hoffmann (193 
1931) on Onchocerca caecutiens | 
added the latest knowledge to this 
fection as it exists in Guatemala and 
Southern Mexico. , 
(10) Tapeworms. f tl 


Certain of 
human tapeworm life cycles were first 
demonstrated during the middle decades 
of the past century. Others were not 6a} 
completely elucidated until a few years “i 
ago. The life cycle of the broad fis 
tapeworm, Diphyllobothrium latum, was Pye 
first fully demonstrated in 1917, - 
though it had been known for n 
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rs that infection by man was ac- 
ired by eating infested raw fish, and 
confirmation of the 
the dwarf tapeworm, Hymenolepis 


hypothesis, 


a, requires no intermediate host, was 

t fortheoming until 1924. 

1] Trematodes or Refer- 
e has been made to the experimental! 

lem mstration of the life eycle of the 

sheep liver fluke by Leuckart in 1882 

ind independently by Thomas in 1883. 


flukes. 


For another quarter century no other 
luke infection of economic importance 
to man elucidated. 
experimental data by Japanese investi- 
the Oriental blood fluke, 
istosoma japonicum, culminated in 


was Cumulative 


gators on 


Ci 
the demonstration by Miyagawa _ in 
1912-1913 of the route of migration of 
this worm through the human body and 
by Miyairi and Suzuki (1913-1914) of 
the extra-human phases of development 
f t This was followed (1915 

by Professor Leiper’s demonstration of 
life for 
haematobium and Schistosoma mansoni 
in Egypt. Meanwhile Japanese work- 
had that the fluke, 
Clonorchis sinensis, was acquired from 
raw fish and the lung fluke, 
Paragonimus westermani, from consum- 


iis Worm. 


similar cycles Schistosoma 


shown liver 


ers 
eating 


ing uncooked crayfish and crabs. It 
remained for an American missionary 
physician in China, Dr. C. H. 
1923, 1925) to elucidate the life cycle 
of the large intestinal fluke, Fasciolop- 
sis buskt. Having observed that 
patients suffering from this disease in 


Barlow 


his hospital came from a certain dis- 
trict, he went to the area in question 
and after careful investigation elimi- 
nated all probable sources of infection 
except two water plants (the water 
‘‘chestnut’’ and the water caltrop), the 
products of which were commonly con- 


sumed raw. With this beginning he 
finally ineriminated not only these 
] 


plants but also certain snails which 
lived in 


intimate contact with the 
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INFECTI 


plants. 


Finally, to ¢€ 
developed the ry, that the 


fluke ency sted « 


nm tie aril 


t t et ArIsS 
ible part 
plants and were accidentally swa 
by human beings, he submitted himself 


to infection, and after three months 


able to recover eggs of the 
his stool. Later the worms were reco, 
ered after administration of an anthe 
mintic, but not until marked tox 
Symptoms of the infection had dev 


oped. 


Tue ETHICs oO! Exp 
MetTHop 


In most expe 


rut 


rimental Work wit 


human parasitic 


animals can be utilized for all practical 
experimental tests, thus obviating the 
need for and potential risk by lman 


volunteers. Such laboratory 


should necessarily be treated with the 


greatest kindness and every effort 
should be made to avoid pain. One care- 
ful worker has stated that he alw iVS 
eared for his experimental animals hin 


self, and thought and 


attention to 


even gave more 


their comfort and happi 
ness than to his own health. If m 

had been known to be susceptible to ye 

low fever and had been utilized by the 
Yellow Fever Commission in Havana 
(1900) 


would have been avoided. Yet in cer- 


sacrifice ol lire 


unnecessary 


tain crucial types of experimentation it 


1 
chy) 


has been found highly desirable to know 
if human host-parasite relationships are 
those of 


experimental animals. 


directly parallel to susceptible 


r 


know ledge 


and 


virtue of volunteer and, 


Our 


of these infections is much richer 
much surer by 
at times, accidental human infection. 
This is particularly true of amebiasis, 
trypanosomiasis, leishmaniasis, hook- 
rm 


and 


accidental self- 


worm infections, ascariasis, tapew 


infections, infection 
Dr. F. G. 


inoculation with the infective larvae of 


Fasciolopsis 


Cawston’s 
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the blood Schistosoma haemato- 
brum. 
The experimental study of human 


parasitic infections, both in _ experi- 


fluke, 





mental animals and in the test-tube, is 
often fraught with imminent danger to 
the experimenter. Yellow fever, ty- 
phus, Rocky Mountain spotted fever, 
relapsing fever and tularemia are the 
most conspicuous examples of diseases 
in which some slip in experimental tech- 
nique, known or unknown, has resulted 
in the death of the investigator. For- 
tunately, vaccines are now available at 
least as a partial protection against 
some of these infections, and others will 
undoubtedly be developed. 


Has THE EXPERIMENTAL METHOD OUT- 

LIVED ITS NEED IN PARASITOLOGY ? 

It might seem from the foregoing 
enumeration of instance after instance, 
where important gaps in our theoretical 
and practical knowledge have been sup- 
plied by experimental demonstrations, 
that all the important problems dealing 
with human parasites have been solved. 
Possibly the most dramatic work has 
been accomplished, but much remains to 
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be done. Among some of the 
problems the following wil 


examples. 


I. The question of sus eptil 
nity to homologot ~ 
strains of the same para 
apparently physiologica 
strains of the same orgar 

Il. The predilection of parasit 
tissues of the body. 


III. The problem of latency in 
IV. Periodicity of the microfil 

croft’s filarial infection. 
V. The lung phase in hookw 


and Strongyloides infect 
VI. Is Endamoeba histolytica 
sue parasite? If so, wh 
per cent. of infected 
parently symptomless 
VII. Problems arising from th 
spontaneous deve! pment 
recognized diseases, su 
disease and endemik 
Rocky Mountain spotted 


Eastern United States. 


No, the experimental method 
outlived its usefulness. Its ut 
will be the means of supplying 
creasing amount of valuable a 


sary additions to human k1 
with the consequent alleviati 
fering and distress. 








BIBLICAL BOTANY 


By EPHRAIM 


must not be forgotten that the 
ent Israelites, both the common folk 
.d the teachers of the people, 
nation of husbandmen and herdsmen 
{1 made extensive use of plants 
y for food and condiments, 


heir cattle, for medicines, poison, 


were a 


not 
pasture 


dyeing and cosmetics, but for 

I ] purposes on oeeasion of festi- 
vals and mourning. References to the 
ants growing on hills and in valleys 
illustrated their folk-lore 
Flowers and trees gave 


Palestine 
and parables. 
their names to various places in the land 
and to the sons and daughters of the 
prophets and sages. In the of 
their work in the vineyards and fields, 


course 


and in valleys and on the seashore, at 
every season of the year, they observed 
many details of the various forms of the 
and they learned to recognize 


plants, 
and note their botanical development in 
different regions of the country. They 
even experimented in plant biology. 

It is also imperative that intelligent 
inquiry be made into the Jewish and 
Arab plant lore of present-day Pales- 
tine and in neighboring countries. Such 
investigations can best 
arried on in the tents of the Bedouins, 
in the herdsmen’s booths and in humble 
fishing hamlets. In the course of many 
years’ practical research Biblical 
plants and plant lore, the importance of 
a close study of the plants of the Biblical 
and post-Biblical literature has there- 
fore become increasingly clear in order 
to understand the words of the prophets 
and sages,—not merely for comprehend- 
ing the bare text, but the ideas and emo- 
tions which swayed the prophets and 
the teachers of the people,—ideas fre- 
quently expressed by aid of the flora. 
Failure to appreciate the subtleties of 
botanical references is often the cause of 


sometimes be 


on 
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AND ARABIC LORE 
HA-REUBENI 


. 
diste 


rtion of 

and results in the 

nations of the 

Talmudic | 

times inaccurately 
The 

flora of 


ereat WOrk 


Palestine 


whole of 
journeys into the fields an 
of the herdsmen, 


tents 


into 


} 
4 


turning from the fields and villag 
the many books published on the subjec 
in Palestine and neighboring countries 
Such 
out by scholars who 
for a limited period 


necessity must actually be done i 


investigations ean not 
come 
Snel 


It must be performed uninter- 
ruptedly for a period of many yé 
An like the Hebrev 
versity situated 
pec lj 
The si 


an 


estine. 
ars 
institution 
of Jerusalem, 
the heart of 
well equipped for this work. 
tion of 
forms an important part of 

the botanical department of tl 
sity. Attention 
fact that the 
plant lore is not only 


in Palestine, is 


Biblical plants and pl 


must be drawn 


investigation of orie 
important 
help to understand ancient literatur 


but also as a study in 


itself, whic] 
? 


of necessity be of value as an 

probing into the life of the orient, 
less known to us than is supposed 

The study of the plants of Palestine 
Biblheal, his 


from three points of view 
torical] 
**humanistie botany. 

However, botany’ 
Palestine, interesting in itself; 
through the Hebrew Univer 


the biological sciences in Palestine 


and botanical—may 
**humanistic 
must 


serve 


section of Biblical plants and plant 
of the young Hebrew University, no 
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fettered with the shackles of rigid tradi- 
tion, is fostering the work of the section 
of Biblical plants and plant lore through 
research and through exhibitions which 
make the collections available to scien- 
tific men and to laymen. Exhibits of 
the plants are appropriately arranged in 
the museum, happily termed ‘‘The Mu- 
Plants of the Prophets and 

Plant Lore.’’ The exhibits 
are arranged so that the plants and 
their component parts are preserved in 


seum of 
Sages and 


their natural shape and color. 

It is the only museum in the world 
where plants are shown in this manner. 
Mrs. Ephraim Ha-Reubeni, who has 
charge of this part of the work, has in- 
vented a series of new methods for such 
preparation of the material. 

The artistic mounting of the plants in 
the museum in their natural shapes and 
colors is not only for beauty alone, but 
for the purpose of studying the mor- 
phology of plants and their parts in a 


minute and faithful manner. The 
labels giving explanations of the plants 
are arranged in Hebrew, Arabic and 


English, and in the course of time they 
will be printed in other languages also. 

Many of the plants are arranged in 
their various forms of development 
from the time when they show their first 
petals until the blossoming and fruiting, 
and are exhibited so as to appear in 
their natural color and bloom. 

In the plant lore branch of the mu- 
seum is collected flora of the present 
day known to the Jews in Palestine, 
Syria and Iraq. A special hall has been 
set aside for Arab plant lore, which con- 
tains plants used for human food and 
fodder for cattle, various plants for in- 
dustrial purposes, for medicinal pur- 
poses, poisons, fuel, for bird catching, 
fishing, graveyard plants and flora 
found in folk-lore and sayings. 

To a great extent references to many 
matters in our ancient literature can be 
made more understandable by this col- 


THE SCIENTIFIC MONTHLY 








lection of plants familiar to the 
Jews and Arabs of our day. The 
of life of the people in Palestir 
especially of the fellaheen and Bed 
herdsmen and fishermen, 
tered materially from that of the 
eal and post-Biblical days. 

In addition to lectures given at st 
times in the university itself, r 
are often received from both the b 
eal and historical point of view, 
various parts of the country, from t 
and settlements and 
groups of workmen, for lectures 
plants found in their vicinity. 1 
requests are fulfilled in so far as 


have n 


especially 


means for such extension work by 
department permit, and a numb 
addresses have been given, both 
Jewish colonists and their Arab 1 
bors, on the plants of the Bibl 
Talmudic times. One of the eve 
hopes of the department is to arra 
exhibitions of Palestinian flora vw 
may be shown as traveling exhibit! 

the countries of the Near East, per 
even in Europe and America. 
Hebrew University possesses the la 
herbarium of Palestine plants 
istence, and exchanges have alr 
been effected with scientific institut 
abroad of the first centuria in Palesti 

In addition to the work of researc! 
this branch of botany, in which 
writer has been engaged for the | 
twenty-five years, a popularization 
the work has been attempted not 
through exhibits in the Near East, ‘ 
tral Europe and the United States, | 
through collection of articles and 
ings in realistic colors, with typ! 
photographs. 

A ‘‘Garden of the Prophets,’’ 
which an attempt will be made to show 
all plants and trees mentioned in 
Bible and Talmud, is part of the plan 
the Hebrew University to develop this 
side of its botanical work. 
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SURFACE TENSION 


By Professor W. C. HAWTHORNE 


CRANE JUNIOR COLLEGE, 


Wuo of us have not enjoyed with our 
children the delightful adventures of 
Alice in Wonderland? And of all these, 
which is more amusing than the tale of 

magie cakes which had the power of 
ehanging her size? I have often wished 
that our delightful spinner of tales had 
kept her of diminutive size for a little 
while, and given an account of her prob- 
able adventures. Many of them would 
have been all but unbelievable, while yet 
the author remained strictly within the 
bounds of sober scientific fact. 

For instance, if she had shrunk down 
to a height of two inches, she would have 
had no end of trouble in getting a drink 
from any cup of commensurate size, say 

ne sixteenth of an inch in diameter. 
Such a cup could not be filled with 
water. When she dipped it below the 
surface, the water would simply stretch 
over the top, like a rubber membrane, 
and refuse to enter. Or, the cup once 
filled by some means or other, the water 
would refuse to run out. 

Were she to become a little smaller, 
she would be able to walk over the sur- 
face of this same strange liquid dry- 
shod. Perhaps it would be safest to 
wear snowshoes and, provided they were 
dry when she stepped out on her stroll, 
she would be in little danger. Once let 
the shoes get wet, however, and she 
would be lost. It would be as difficult 
to break through the surface from be- 
low as from above, and however good a 
swimmer she might be ordinarily, she 
would find the same surface dragging 
on her every movement as if she were 
swimming through the thickest morasses. 
However, underwater swimming would 
present no difficulty. It would be only 





Y 


CHICAGO, ILLID 


OIS 


» Tor alr that tl al 


when she came u] 
would be noticeable 

Put in this way, these 
liquid surface seem only an amusing 
fancy, but it is a question of life or deat! 


to myriads of the tiny creatures that 
swarm beneath our feet. Grasshoppers 
get their ‘‘drinks’’ from the dewdrops 
on the stems of plants; they dare not 
at least do not) sip from the edge of 
pool. Were they to do so and i 
their fate would be sealed, and the sam: 
is probably true of other insects. Baby 


mosquitoes stick up their ‘‘tails’’ throug 


this to 
open out a few hairs and hang there as 


them) rubbery surface layer, 


safely as the oriole hangs in her swaying 


nest, with the advantage, of course, that 


they can let go and scuttle to safety at 
any instant, and the disadvantage that 
when the health officer comes along and 


} 


spreads a thin film of oil over the water 


surface its strength is not able to sup 
port them and they perish for lack 
of air. 

You may satisfy yourself as to the 


; 


existence of this strong surface film by 
laying a dry needle carefully on the sur 
face of water. 
than water, it ought to sink; but it does 
not. On the contrary, you will notice 
that the water surface is depressed be 
low it, forming a little 

speak, in which the needle floats. The 
witches who went to sea in a sieve « 


Being of steel, heavier 


cradle, so to 


pended on this property, as you may 
prove for yourself with a little boat 
made of wire gauze. Each wire will 
have as did the and the film 
stretching from one to the other will sup- 
port a considerable weight. But 
sure the boat is dry. To make sure that 


needle, 


make 
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it will stay dry, best dip it in melted 
paraffin, shaking the surplus wax from 
the wires before it cools, but leaving a 
Such a 
boat will not only float, but in it consid- 


thin coating over each wire. 


erable water may be carried safely, pro- 
vided that the film retains its continu- 
ity, like a thin membrane stretched over 
Let it be broken, 7.e., let the 
wires themselves get wet, and the magic 
A loosely woven coat 


the wires. 
property is gone. 
is impervious to any ordinary shower 
because of the water film formed on the 
surface, stretching from one fiber to the 
next. So, too, it is not the cloth of the 
tent that keeps out the rain but the film 
covering the interstices. If this film be 
broken, say by touching the surface from 
the under side, a leak promptly develops. 
The water-shedding power of the tent 
may be improved by “‘ painting”’ it with a 
solution of paraffin in gasoline. This 
does not stop up the holes, but leaves a 
thin coating of wax over the individual 
fibers. Then they do not become wet, 
as they otherwise would in time and no 
longer support the film. 

Here is another apparently unrelated 
phenomenon that really depends upon 
these unsuspected forces resident in the 
surface of liquids. The lower end of a 
piece of porous material, such as loosely 
woven cotton cloth, is allowed to dip 
into water. Soon the entire cloth is wet, 
and a surprising amount of water will 
rise through it in a short time. 

Once again, who would imagine that 
‘‘pouring oil on troubled waters,’’ a 
device still used by mariners for smooth- 
ing out dangerous waves, and the manu- 
facture of shot also depend on the same 
property of liquid surfaces as these 
other phenomena mentioned? Shall we 
look into the philosophy of the problem 
a little? 


ConesIvE Forces in Liguips 
It is very evident that forces are at 
play within a liquid which we ordi- 
narily think nothing of. We have no 





7 


trouble in recognizing and 
cohesive forces in solids; they 
evident in liquids; in fact, ‘‘as 
water’’ is proverbial. But t 
are there, of surprising magi 

we come to measure them—f 
pull the molecules together int 

a space as possible, and that of 
is a sphere. To make shot, th 
lead is poured from the top 
tower. It breaks up into | 
spherical drops which fall into a 
cold water and solidify before the 
a chance to become distorted. A 
drop is spherical because every 
the billions of molecules constit 
is trying to get as near as possil 
every other molecule. The same ar 
of water at rest is pulled out of sha; 
the force of gravity and the attr 
forces between the molecules of 
and the surface on which they 
the surface is not wet by the 
quite large drops may assume the n 
shape of a liquid—spherical—as n 
shown by drops of mercury or ev 
water on a dusty surface. 

















Fic. 1. DROP OF ANILINE 1 INCH IN DIAMETE! 


FLOATING IN SALT WATER. 


Whenever a liquid is relieved from t 
distorting influence of other forces, s 
that it is not pulled out of shape by its 
weight, it takes this spherical form 
Here is a large drop of aniline in a ves 
sel of salt water of equal density, 
you see the same tendency at work here 











Fic. 






\[fEASUREMENT OF LiguiIp COHESION 


is 


When we attempt to measure those at- 
tractive forces directly, we encounter 
many difficulties. This been 
a d: A long barometer tube has been 
with sulfuric 


has one 


irel lly cleaned 
S shen filled with mereury which has been 
Now when 


acid, 


to drive out the air. 
is is inverted, with the open end below 


. surface of mercury in a dish, we ex- 
nect the column to fall to a height of 
hirtv inches or less, this being the height 
¢ the barometric column sustained by 
ur pressure. But 
Reynolds found that twice this height 
was sustained even when an air pump 
was applied to the lower end of the tube 
and the pressure there was exhausted to 
a very low amount. The sulfuric acid 
stuck to the upper end of the tube and 
the mereury to the sulfuric acid, and the 
rest of the mercury simply hung from 
the upper end like a chain of weights, 
indicating a minimum tensile strength of 
thirty pounds per square inch. When- 
ever a break did oceur, it was because 
of a tiny bubble of air, which had the 
same effect as a nick in the edge of a 
ribbon underastrain. The break started 


Professor Osbourne 

















Pic. 2. GLass PLATE P BEING PULLED AWAY 
FROM WATER BY BALANCE B. 








SURFACE 


TENSION 
there. Other methods have shown that 
the 
reckoned as man} 
dicated here 


: 
For water, we can easily prove t) 


internal stress 1n a 


existence of such 


flat disk of lass, suspended irom a 
spring balance, to touch the surface 
The under part of the glass must be we 

cleaned with soap, then nitric acid and 


We shall see that 


finally pure water. 


a considerable force is required to pull 
the disk from the water, and since 
film of water adheres to the surface of 


the glass it is plain that we have not 


overcome adh between viasS and 


water, but 
of water. 


esion 


between molecules 


cohesion 


SPHERE OF INFLUENCE 


} 


Supposing that there is an attraction 


between the molecules of a liquid, even 
if nothing but the well-accepted force of 
gravity, it must fall off rapidly with dis- 
tance; at least, inversely as the square 
of the distance, and many investigators 
think it may vary as the 4th power of 
the distance. Granting this, it is evi- 
dent that an imaginary sphere could be 
drawn around every molecule, outside of 
which this force is practically nil. This 
is called the sphere of influence of that 
molecule, and though small must 
contain many score, perhaps hundreds, 
of molecules, all pulling upon the mole- 
cule at the center and in turn being at- 
tracted to it. As long as the molecule 
is well within the confines of the liquid 
this pull is equal in all directions, which 
is the reason it is so difficult to measure 


in ordinary ways. 


very 


AT THE SURFACE 

But suppose the molecule, in its er- 
ratic motions through the body of the 
liquids, approaches the surface, so that 
a part of this sphere of influence pro- 
jects above the surface, into a region 
where there are no or few molecules. It 
is evident that the pull downward is now 
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greater than the upward pull, so that 
the molecule is pulled back into the body 
of the liquid, unless it is moving so fast 
that its kinetic energy suffices to pull it 
away from this backward attraction. 
This last is what happens in evaporation, 
and since only the more rapidly moving 


' { 











Fic. 3. THE MOLECULE M 

IN ALL DIRECTIONS BY THE MOLECULES WITHIN 

THE SPHERE OF INFLUENCE ABCDEF. THE 

FORCE ON MOLECULE M’ IS GREATER DOWNWARDS 

BY THE ATTRACTION OF THE MOLECULES IN THE 
SPACE DEF. 


IS PULLED EQUALLY 


molecules are able to get away in this 
manner, those which are left behind, with 
less kinetic energy, are cooler, and the 
liquid gets cooler and cooler unless more 
heat is continually supplied from the 
This heat necessary to keep up 
the evaporation is called the heat of 
evaporation, and evidently must vary 
with the attraction between the mole- 
cules. 

It is evident then that the molecules 
near the surface of a liquid are in a dif- 
ferent condition from those in the main 
body, in that the former are being pulled 
back into the liquid by the attraction of 
the molecules below. This results in an 
increase of density in that part of the 
liquid near the surface, and within this 
thin layer (not thicker than the diameter 
of the imaginary sphere of influence) 
such curious phenomena arise as were 
mentioned in the beginning of this 
chapter. 


outside. 
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SURFACE TENSION 

Evidently it is of little d 
whether we think of this force as 
applied from within or without, a; 
are accustomed to say that the 
of a liquid acts as if it were cover 
an elastic film under a tension, 
tinually trying to contract, so a 
liquid, like a balloon, must 
spherical shape, with the surface 
taking the place of the rubber 

There is this difference to b 
however, between the action of t! 
ber and of the surface film. W! 
stretch the rubber, we are pu 
molecules farther apart, and t 
increases with the stretcl H 
law); but when the surface 
stretched, as when 
bubble, we are simply bringing 
molecules to the surface, and the 1 
does not The constant 
that must be exerted at right ang 
line one centimeter long in the surf 
a liquid to keep it from contract 
ealled the surface 
with the internal 
eause, but is only an infinitesima 
tion of it. 


we blow 


increase. 


tension. It 


stress which 


MEASUREMENT OF SURFACE TENS 


When we dip a rectangular wire f! 


into a liquid and then withdraw 


<<) | 








1 





Fic. 4. MEASURING 
BALANCE. 


. 


fully, a film of the liquid adheres t 


frame, which may be drawn upward 





SURFACE TENSION 


SURFACE TENSION 


uarter of an inch or more before the 


flm breaks. If the frame be attached 
to a delicate balance, we can measure 
he force hold the wire 
frame in position and the extra force re- 
wired when it is carrying the film, 
which is trying to pull it back below the 
surface. It is a delicate operation, but 
when we use pure water and divide the 


Wil 


necessary to 


average of several trials by twice the 
width of the frame (since there is a film 
on each side of the frame) we get some- 
thing less than 75 dynes per centimeter 
as the force required to rupture this film. 


CAPILLARITY 
Let us look into the reason for the 
rise of water into the meshes of the cot- 
ton cloth. Water, as well as a good 
ny other liquids, has the power of 
(capillary, from 
far above the 


small tubes 
tin, capulus, ‘‘hair’’ 
level of the liquid outside the tubes. 
Some liquids are depressed below the 
surface. It depends upon whether or 
not the liquid wets the sides of the tube 
whether the power of adhesion is 
greater or less than the power of cohe- 
sion. Mereury in glass tubes gives the 
best example of the latter case. The co- 
hesion of molecules of mercury for each 
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adl esion 


of molecules of mercury for glass. But 


other is much greater than the 


mercury wil rise in a copper tube, since 
the adhesion of mercury for copper, with 
which it 
great. 
Now suppose that a glass capillary Is 
dipped into water. If the 
from grease or any dirt, a film of water 


forms an amalgam, is very 


olass he free 


immediately reaches up the inside of 
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the tube from the surface of the water. 
Owing to the tendency of the film to as- 
sume the smallest possible shape, it no 
longer remains as in Fig. 5 (A), but as- 
sumes a concave shape as at (B). This 
film continues to contract, pulling a 
column of water up after it, as in (C). 
This allows the film to reach up higher, 
and the column of water in turn is pulled 
higher. It is evident that this will go 
on until the downward pull of the water 
(its weight) is equal to the maximum 
upward pull which the film is able to 
exert. The weight of the water can be 
calculated: It is the volume nr*h, where 
r is the inside radius of the capillary, h 
the height of the liquid, multiplied by d, 
its density. The upward pull of the 


film is the pull, T, per centimeter of the 
length, which in this case is the inside 
circumference of the capillary; 1.e., the 
pull of the film is T 2 nr. 
these two expressions and solving for T, 


Equating 


we have T=#r h d. 

It is evident that the height to which 
the liquid rises in a tube which it wets 
is inversely proportional to the diameter, 
which fact can be easily verified by try- 
ing tubes of different sizes. This justi- 
fies the plea for frequent cultivation of 
the garden soil in a dry time, for by 
breaking up the cracks, we prevent the 
access of the drying air to the roots of 
the plants, and by making the inter- 
stices between the clods smaller, we in- 
erease the depth from which the water 
may rise by capillary attraction. 

This tendency of a surface film to con- 
tract to the smallest possible dimensions 
is also shown by the behavior of a soap 
bubble. If the bubble is blown on the 
bow] of a pipe, a small but constant pres- 
sure must be maintained to prevent its 
shrinkage. Films may be formed on 
wire frames of various shapes, and they 
invariably take that shape that mathe- 
matically gives the minimum surface. 
Very interesting cases are discussed in 
that fascinating little volume, ‘‘Soap 


Bubbles and the Forees Whic} 
Them,’’ by Boys. 


EFFECT OF IMPURITIES 


Some substances increase, son 
crease the surface tension. Al! 
one of the former. Scatter a littl 
cork dust over the surface of water. 1 
bring down near the surface a rod 
with alcohol. Even before it toue 
the water, the particles will fly ay 
if repelled. The fact is that a 
the aleohol vapor is absorbed, and 
so weakens the surface film at that | 
that the surrounding surface 
away, carrying the dust with it 
even more striking experiment may) 
performed with a little boat a cou; 
inches long, of paraffined paper. 
must be a little compartment 
stern, with a number of openings t 
rear. In this compartment put a 
of cotton wool wet with alcohol. P 
the boat in a tub of water, and as t 
aleohol oozes out and diminishes the | 
backward, it will move forward at a 
prising rate—pulled from the front 
not pushed, as boats usually are. 

Weare told (Prov. iii, 31) to bewar 
looking ‘‘upon the wine when it is r 

when it moveth itself aright 
Just what is meant by this express 
Well, the wine will creep up the side 
the glass in a thin sheet, drawn by capil- 
lary attraction, but in this conditior 
evaporation of the alcohol will take plac: 
very rapidly. The more watery liquid 
left will have a sufficiently high surface 
tension so that it will be drawn togethe: 
into drops which will run down the side 
of the glass, forming the ‘‘tears 
wine.’’ But this ‘‘moving itself aright’ 
occurs only with wine that is 15 per cent 
to 20 per cent. strength—strong enoug! 
to be intoxicating. 

For my tonsilitis last winter, the d 
tor asked me to try a new remedy 
**S.T.’’ I asked him what the letters 
stood for, and he laughed and said ‘‘Sur- 
face Tension’’ and explained that its 





area 
the 

cam] 
liont 
thicl 
more 
surf: 
port! 
show 
are ; 
surf; 
oil m 
bon ; 
form 
moles 
mean 
cules 


SURFACE 


enificant ingredient was a chemical 
so reduced the surface tension of 

L1q id that it reached down into the 
rypts that harbored the that 
wused the trouble. The medicines used 
rdinarily simply reached over the sur- 
as the film of water stretches over 

shes of the 
Camphor also diminishes the surface 
tension, and if a little crumb of gum 
or be dropped on the surface of 


germs 


sieve, as deseribed above. 


m water, it will spin about like a 
The little projections 
the dissolve 


water-bug. 


the surface of crumb 


most rapidly, and the tension is weak- 


ened most in that vicinity, so the cam- 
phor is drawn away in the opposite di- 
rection. In a moment, solution is oceur- 
ring most rapidly at some other point, 
ind the ‘‘bug’’ darts off in another di- 
rection. 

But now, while the dance is most vig- 
ous, touch the surface with the tip of 
your finger, which has been drawn over 
your hair. The motions stop instanter. 
‘he explanation is that a film of oil from 
the finger has spread over the surface of 
the water, so that the surface tension 
everywhere has been reduced to such a 
degree that the solution of the camphor 
no longer makes any difference. 

Lord Rayleigh allowed a weighed drop 
of oil to spread over a surface of known 
area, and calculated that the thickness of 
the oil film when the motion of the 
camphor was stopped was two one-mil- 
lionth of a millimeter. Half of this 
thickness produced very little effect; 
more than two millionths diminishes the 
surface tension slightly, not at all pro- 
portionally. Other experiments seem to 
show that at the critical thickness, there 
are just enough molecules to cover the 
surface one layer deep, and that the long 
oil molecule, consisting of a chain of car- 
bon atoms, is standing on the end which 
forms a chemical union with the water 
molecule. A smaller amount of oil 
means that there are not enough mole- 
eules to cover the surface, so that we 


TENSION 


have practically 

oil means simply 
cules on top ot the 
tial difference 
surface. 

alkaline substances 


Soap (and 


erally) is another substance that « 
ishes the surface tension of water. 
reason that it is so difficult to cleanse 
skin with water is that the 


pure water 


forms a film over the particles of dirt 
The presence of the soap so reduces the 
surface tension that water may be worked 
around and wnder the dirt, thus dislodg 
ing it. 
—emulsification of the 
alkali of the soa] 
the dirt by the colloidal particles of the 
soap that help out. Washing your face 
is not a simple thing 


(There is also a chemical action. 
grrease by the free 


and the adsorption of 


If soap diminishes the surface ten- 
sion of water, it may be asked why we 
can blow soap bubbles successfully, but 
fail with pure water. This involves en 


ergy considerations and will be dis 


cussed later. 


EFFECT OF TEMPERATURE 

Surface tension decreases as the tem 
perature increases. Here are two splin- 
ters of wood floating on the surface of 
water, a few millimeters apart. I touch 
the water between them with a red-hot 
wire, and immediately they fly apart 
The surface tension between them has 
been weakened, and the unchanged pull 
in the other direction has pulled them 
apart. 
kettle full of not too greasy soup, where- 
in, while hot, the grease formed a thin 
layer on the whole surface, but as the 
soup cooled, rather thick 
drops. The increased surface tension of 
the cooling grease pulled it together 
This property explains the method of 
removing grease from a fabric. Put a 
piece of blotting-paper under the cloth 
and hold a hot iron over the spot. The 
difference in the surface tension of the 


Perhaps you will remember a 


collected in 
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hot grease above and the cooler grease 
below causes it to become concentrated 
below, and it is drawn away into the 
blotter. 

Let us look into the philosophy of this 
a bit. 
have seen, upon the attractive force be- 
tween the molecules. But there is an- 
other force in action between these 
bodies. They are in rapid motion, and 
because of their elasticity, every colli- 


Surface tension depends, as we 


sion causes a rebound—they are, because 
of this motion, being driven apart. This 
motion is no more or less than heat, and 
the temperature varies as the average of 
the square of the velocities, or the ‘‘mean 
square velocity’’ (which is different from 
Here 
we see an explanation of the well-known 
fact that bodies expand when heated. 
Evidently two opposing forces are at 


the square of the mean velocity). 


work here, and the decrease of surface 
tension with the rise of temperature fol- 
lows necessarily. 

Evaporation is merely the escape of 
the more rapidly moving molecules 
through the surface, as before said. 

The addition of these flying molecules 
from the liquid to the space above the 
liquid produces a pressure of its own 
called the vapor pressure of the liquid. 
Of course it rises with the temperature, 
and when the pressure has become equal 
to that of the atmosphere (14.7 lbs. per 
square inch) we have reached the boiling- 
point of that particular liquid. Pro- 
vided we supply heat fast enough, vapor 
is emitted from the liquid in sufficient 
quantities to push the atmosphere away, 
and the space above the surface is occu- 
pied solely by the vapor of the liquid. 
But no matter how fast we supply heat, 
the temperature does not rise any more, 
for as fast as the molecules reach this 
temperature, they escape through the 
surface. 

It is evident from this discussion that 
we should expect a close connection be- 
tween the boiling-point and surface ten- 












sion. The following 
this: 
Boiling- S 
point 
Ether 34.6° C 
Aleohol 78.0° C 9 
Benzol 80.2°C 
Water 100.0° ¢ 75.8 
Mercury 357.0° C 44] 


HEAT OF VAPORIZATION 


I have said that it is impossil 
raise the temperature above the | 
point. This is not strictly correct 
is possible, provided you prevent 
escape of the more rapidly moving 


ticles. But this raises the pressm 
the steam engineer very well w 
stands. At 180° C., if the steam is 


fined, the pressure is nearly ter 
what it is at 100° or the ordinary 
ing-point. 

It is evident that the heat 
needed to vaporize one gram of 
what we call the latent heat of vay; 
tion, amounting to 540 ealories, is ) 
that is required to do two things 
Push back the atmosphere from 
space to be occupied by the steam 

2) tear the molecules away from 
other or overcome this force of col 
we have been speaking of. Let us 
the science of arithmetic to our aid 

When the cubic centimeter 
of water at 100° C. becomes stear 
100° C., its volume becomes 1,672 cc 
increase of 1,671 ce. 
to overcome a pressure of 14.7 pi 
per square inch, or 1,033.6 grams 
square centimeter, or 1,012,928 d 
per square centimeter. The work 
is found by multiplying this pressur 
the change of volume, 1,671 ec., and 
get over 169 joules or about 40 cal 
This leaves very close to 500 calories 
the work that has to be done in pu! 


one or 





every molecule in a gram of wate! 
through the surface—away from 


In doing so, it | 








suri 
by t 
othe 
thro 
cule 
perl 
cept 
path 
thei 
four 
ture 
ing 


Now 

















inter attraction of its fellows. This 
uld lift 120 pounds to a height of 6 


CriTIcAL TEMPERATURE 

This relation between temperature, ex- 
ternal pressure and surface tension may 
he illustrated by a very pretty experi- 
ment. Within this little sealed glass 
. we have one gram of ether (Fig. 
Above it, nothing but ether vapor. 
The air was driven out before it was 
sealed. The surface of the liquid forms 
that saucer-shaped meniscus which is 
characteristic of the liquid condition. 
Picture to yourself the molecular activ- 
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ity going on within this little tube; mil- 
lions of molecules bumping about, collid- 
ing with each other, and darting off in 
a new direction. Some approach the 
surface, only to have their motion checked 
by the pull of the molecules behind them; 
others are going so fast that they break 
through, perhaps to be hit by other mole- 
cules already there and knocked back, 
perhaps to get away entirely; and, ex- 
cept for the fact that their mean free 
path now is perhaps a hundred times 
their own diameter, instead of three or 
four, there is no difference in our pic- 
tures of the ceaseless activity that is go- 
ing on above and below the meniscus. 
Now I begin to heat the tube. 


As before 





SURFACE 





TENSION 





explained, we are increasing the velocity 
of the molecules. 
7) that the volume of 
of the 
above it, is 


therefore, must be 


You will notice (Fig 
the liquid, in spite 


increased pressure ol the 
increasing; the 
getting farther apart 
between 


This means that the attraction 


them is less, and the evidence of this is 
that the meniscus is flattening out. Note 
that while the density of the liquid is de- 
creasing, that of the vapor above is in- 
creasing for two reasons: the volume is 
less and there are more molecules there 
After a while we 
cus is nearly flat, and is becoming indis- 
tinct (Fig. 8 Soon it vanishes en- 
tirely, and we have in the tube—what 
Gas or liquid? It is of the same density 


throughout, and consequently 


notice that the menis- 


, 


the sur- 
We no 
longer have a liquid with its vapor; it 
The temperature at which this 


face tension has disappeared 


IS a gas. 
change takes place is called the critical 
temperature for that substance. Above 
this temperature, no amount of pressure 
ean convert the gas to a liquid. 


CAPILLARITY AND HyprostaTic PREsSURI 
The rise or depression of liquids in 

I | 
capillary tubes may be explained in an- 
other way, although it comes to the same 


thing in the end. Let M (Fig. 9) be a 


SE= 











molecule below the surface of a liquid. 
Ordinarily, it is pulled in all-directions 
by the surrounding molecules within the 
But if part of that 
nop, projects 


sphere of influence. 
sphere, say the portion 
above the surface, the pull of an equal 
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portion, abc, is now unbalanced and ex- 
erts a force, p, pulling the molecule 
back downward. This force is trans- 
mitted through the liquid, of course, so 
that the total foree, P, below the surface, 
is not only that due to the weight of the 
liquid (which depends upon the height 
times the density, or hd), and the baro- 
metric pressure, B, but in addition this 
molecular pressure, p. Or in symbols, 
P=B+hd+p. 

Now, suppose the surface is concave, 
1.e., the liquid wets the tube, as in Fig. 
10, M being the same distance below the 
surface as before. M is now pulled back 
by the molecules within the space def, 
a volume evidently smaller than abc, 
consequently p is less beneath a concave 
































surface than beneath a flat one. This 
would make P less within the tube than 
in the free liquid outside at the same 
level, but since liquids transmit pres- 
sure so easily, this is impossible, and the 
water is forced up the tube until the 
extra hydrostatic pressure, hd, makes 
the pressure inside the tube equal to that 
on the outside. 

A similar line of reasoning shows that 
below a convex surface (liquid does not 
wet the tube, see Fig. 11) the pressure 
is greater, consequently hydrostatic pres- 
sure must be less to balance conditions, 
and the liquid therefore is depressed in 
a tube which it does not wet. 
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Drops AND BUBBLES 


The curvature of the surface is 1 
sured mathematically by the recipr 
of the radius of curvature, that 
surface being zero, since a flat su 
may be looked upon as having 
finite radius, and one divided by int 
is zero. If the curvature of a « 
surface is considered positive, that 
concave surface is negative, and 
be easy to remember that beneath : 
face of positive curvature the pressur 
is more than, and beneath a surfa 
negative curvature less than that be: 

a plane surface. (Incidentally, n 
maticians will remember that a quanti 
changes its sign in passing throug 

or infinity.) Plainly, this differe 
pressure with the 
as may be experimentally proved 
the behavior of a drop of liquid 
tube of small but varying diameter 


increases eury 




















Fig. 12. 


Drops AND BUBBLES 





























. liquid wets the tube, the drop will as- 
yme the shape shown in Fig. 12A, and 
move toward the right, 1.e., towards the 
which has the greater negative cur- 

vature, where p is less. If it does not 
et the tube, the drop assumes the shape 
shown in Fig. 12B, and moves toward 
he left. If, however, we have a bubble 
air in a tube filled otherwise with 
iquid which wets the tube, the bubble 
ves to the left (12C), and the greater 

e difference between the curvatures at 
» ends of the bubble, the greater this 


, 
no 
Chu 


i 


tendency to move. (Compare this con- 
dition with two capillary tubes of dif- 
ferent diameters. The tendency of the 
liquid to rise in the tube is greater the 
smaller the tube.) If you try to blow 
out the air and water from a tube end- 
ing in a capillary, you will find it al- 
most impossible, owing to this opposing 
rorce. 

This has an application that is of the 
greatest importance to caisson workers. 
At the great pressure to which they are 
subjected, an unusual amount of air is 
dissolved in the blood, the amount being 
proportional to the pressure. When they 
come out from this pressure, the blood 
ean no longer hold the gas in solution, 
and it appears in tiny bubbles in the 
blood stream. Bottled pop acts simi- 
larly when the stopper is removed from 
the bottle. These bubbles obstruct the 
flow of blood through the capillaries, 
and we have the condition illustrated in 
Fig. 12C. This causes cramps in the 
muscles known as the ‘‘bends.’’ One 
would think that any tube that would 
pass blood would also pass air, and so 
it would be if the tube were filled with 
air alone. But as a bubble approaches 
the narrowing, almost microscopic part 
of the capillary, the pressure behind the 
smaller end becomes greater than the 
driving force of the heart. 


SurFace TENSION AND ELEcTRIC CHARGE 


A useful application of this principle 
has been found in a device for making 


SURFACE TENSION 





and breaking an electric curr: 
small glass tube ending in a capillary is 


filled with mereury and connected with 


one pole of a source of electricity s in 
Fig. 13. The other pole is cor l ti 














Fic. 13. CAPILLARITY 


a vessel of sulfuric acid, placed beneath 
the vertical tube. 
vex surface of 

charged, the 
charge on th 


As soon as the con- 
the mercury 


self-repellent action of the 


becomes 


surface partially neu- 
tralizes the surface tension of the mer- 
eury. The drops down the 
tube, therefore 
in contact with the sulfuric acid, the lat- 
ter is electrolyzed; gas is formed which 
electrical and 


mercury 
But the instant it comes 


breaks the connections; 
the surface tension of the mercury draws 
it back into the tube where it again ac- 
cumulates an electric charge. 

This action of an 
diminishing the surface 


electric charge in 


tension of a 





~~ ox 44 of Jic 
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Fic. 14. A JET OF WATER BREAKS UP INTO 
DROPS BECAUSE OF SURFACE TENSION 

drop may be shown in a very pretty 


manner by bringing a charged rod near 
a jet of water. Ordinarily a small jet 
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breaks up into drops, owing to the sur- 
face tension acting on the column of 
water. But when these drops are 





Fig. 15. A CHARGE OF ELECTRICITY ON A JET 

OF WATER, BECAUSE OF ITS SELF-REPELLANT AC- 

TION, NEUTRALIZES THE CONTRACTILE ACTION OF 
SURFACE TENSION. 


charged by induction from the rod, the 
surface tension is so neutralized by the 
presence of the self-repellent charges 
that the drops run together again to 
form a solid column—rather, the column 
does not break up. 


SurRFACE TENSION AND EVAPORATION 

It is not necessary that the capillary 
tube be dipping into water to show the 
difference of level discussed on page 153. 
For if a capillary (Fig. 16) sealed at 
its lower end be supported in the same 
way, and the entire system then placed 
beneath a bell-jar, the water will distil 
over from the flat surface and condense 
on the concave surface within the tube, 
until the difference of level is the same 
as before. This seems puzzling until we 
remember the condition of a molecule of 
water vapor above the surface at less 
than the diameter of the sphere of in- 
fluence. The molecule M within the 
closed tube is pulled equally in all diree- 
tions except downwards by the other 
molecules of vapor inside the sphere of 
influence, represented by the circle. 
The downward force is greater because 
of the greater number of molecules per 
volume below the surface of the liquid, 
and this downward attraction is evi- 
dently greater below the curved surface 
than below a flat surface by the attrac- 
tion of the molecules within the volumes 
ACES. Remembering that a constant 
interchange is going on between the 


THE SCIENTIFIC 















MONTHLY 








|S 


F 
| 




















1] ’ wT 
itt + sossas aeons ssenecas shila, 
> 














Fic. 16. LIQUID DISTILLING OVER FROM A }F 
TO A CONCAVE SURFACE. 


liquid and vaporous conditions, i 
plain that more molecules will enter 1 
coneave surface and that this must ¢ 
on until the level within the tube | 
reached a height, say at F, where the d th 
minished number of molecules per cul = 
centimeter (remember the rarefied 
on the mountain top) just balances t 
greater tendency to pass below the 
eave surface, since the evaporatio: 
more rapid into a region with 
molecules. Of course the opposite cor : 
dition prevails beneath a convex sur 
face, and we might sum up by the st 
ment that the vapor pressure, W 
measures the tendency for a mol 


to pass through the surface or condens . ow 
is greater immediately above a conc 
less above a convex surface. Compar Tr 





this with the previous discussion of 
pressure beneath the surface, and 
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vapor to condense 
n on the smaller, consequent): 
be a tendency for the larger 
crow at the expe 
The smaller the drop, the less 
ney for the vapor to condense, 
by the time we get down to mo 
dimensions, there 15s, 
_no tendency at all, and in a region 


‘ 


i 
persaturated with vapor, with no ten 


‘ith no drops, the space may become 
toward the formation of drops, 

wh the liquid may condense slowly 
walls The situation is entirely 
ied, however, if there are nuclei 
sent, such as dust particles, to furnish 
eurved surfaces. Then condensation 

rs, and we have a cloud of drops, 
with a particle of dust at the cen- 
This is the explanation of the prev- 

ence of fogs in the city, where there 
san abundance of smoke and dust par- 
es to serve as centers of condensation. 
ondon, with its millions of tons of soft 
burned every year, much of it in 

en grates with their incomplete com- 
bustion, is the best example of this. 
They should adopt the slogan, ‘‘ Less 
smoke, less fog.’’ This is not to say 
that no smoke (or dust) would mean 
no fog, for ionized particles or mole 
iles will serve as centers of condensa- 
tion, and when the saturation reaches a 
sufficiently high point, drops will form 
anyway. It is possible that the ‘‘cloud- 
ursts’’ which often occur in the moun- 
tainous regions of the west, where the 


ur may reasonably be expected to be 
freer of dust than air near large cities, 
re to be explained by the presence of a 
very large body of highly supersaturated 
air. When drops do begin to form, con- 
densation takes place (i.e., drops grow 

with great rapidity. 
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ternal work. Thus a watery solution 
may do work either by diminishing its 
total surface, or by a change in the chem- 
ical constitution of its dissolved material 
in such a way that the resulting mix- 
ture has a smaller surface tension. 
There have been several more or less 
successful efforts to explain the mystery 
of muscular contraction by changes in 
the surface tension within the muscle 
fibers.2 Certain it is that, although 
heat is involved in the performance of 
work by muscles, it is a by-product, and 
by no means the intermediary by which 
chemical energy is transformed into me- 
chanical energy. Reasons for this be- 
lief cannot be given here. 

Loeb’s famous work on the fertiliza- 
tion of the egg of the sea-urchin showed 
that the changes that took place were 
accompanied by changes in the surface 
tension of the egg. When these changes 
in surface tension were produced by 
changes in the chemical constitution of 
the medium in which the egg was im- 
mersed, cell division (development) pro- 
ceeded for a time quite as if the cell had 
been fertilized in the regular way. 

Every high-school pupil has heard of 
the law of conservation of energy, some- 
times spoken of as the first law of ther- 
modynamics to remind us that heat en- 
ergy comes under the same generaliza- 
tion. But the second law of thermody- 
namics is of equal importance to those 
trying to use energy. It refers to ‘‘the 
running down’’ of energy and is the 
death-blow to every scheme of perpetual 
motion. To give a few examples: A 
wound-up clock has a certain amount of 
potential energy; as it runs down, this 
potential energy becomes kinetic energy 
(it moves the hands; it strikes the 
chimes; it might keep a lot of manni- 
kins in motion) and a part of this is dis- 
sipated as heat, never to be recovered. 
We shall never have a clock that is able 


2 Howell’s ‘‘ Physiology,’’ p. 75. 





to wind itself up quite as tight 

it started. Part of the potentia 
of the water above the falls is diss 
into heat as it passes through 
tors. The compressed gas or st: 
pands; again potential energy 
verted to kinetic energy with t! 

a fraction in dissipated heat. I: 
experience of mankind for thous 
years, nothing has happened 
trovert this statement of the s 
The potential energy of the 
tends toaminimum. We have se 
this is illustrated in the case of s 
tension by a shrinkage of the s 
But we can carry this a little f 
If the liquid has dissolved in it s 
thing that lowers the surface tens 
will be lowered more, that is, the 
tential energy will be further 
ished, by a concentration of t 


solved material in the denser layer t 


forms the boundary between t! 

tion and the surrounding medium 
bumen in water is such a subst 
The amoeba is said to be a blob of * 
toplasm with no cell-wall,’’ 7.e., n 


} 


that will take a stain and so be d 


tiated under the microscope. But 


there is a surface , there is a surf 
sion, and in this case with more of 
aibuminoid portion in that layer, w 
because of the surface tension if n 


else, must be denser than the main | 
of the solution. Perhaps this is the 


ginning of all cell walls. 
We have wondered why we can 


soap bubbles and not water bubbles, eve: 
though the water has a higher surf 


tension than soap solution. Just 
cause the soap solution does have a |! 


wi 


+ 


surface tension, it is more concentrated 


Tt? 


near the surface. Suppose now tha 
bubble starts to blow out, the first 


in a break. The first thing to happe 


would be a thinning of the layer of 
at that spot, with a strengthening 

surface as it became more watery 
less soapy, and the bulge would be 


+ 


+ 


~ 
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film of oil on the surface of a stormy 
has the same effect on small waves. 


r ordinary conditions, wherever a 
et sticks up, the wind catches it, 
back with emphasis which pro- 
on until 
But if 


and SO 
high.’’ 


wave, 


a bigger 


‘*mountain 


first little wave has to push through 


m” 
bid 


’ + 
SiULL, At 


surface of the soap bubble 


media 
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of oil with a smaller surface ten- 
is treated like the first bulge on 
it is im- 
tely pushed back into shape before 
The huge breaking 


ind catches it. 
so dangerous to shipping, are 
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transformed into ng, smooth rollers 
which even small boats may ride s 
Speaking of the dangers of the great 
deep reminds us that, if you eve re 
shipwrecked, you don’t need to g t 
out fresh water. Remember that si 
salt increases th Surface tension f 
water, the rule we ve just been dis 
cussing shows that if potential ene is 
to be a minimum, the salt must draw 
back from the surface, leaving a film of 
fresh water spread over every body of 
salt water, so all you need is p 
‘ ie eal 


and a sufficiently delicate 
ant. 


as well stop, no 


all the fresh water you w 
And here we may 
cause the subject is exhausted, but prob- 


ably the reader’s patience is 
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HEAVY-WEIGHT HYDROGEN 


By Professor HAROLD C. UREY 


DEPARTMENT OF CHEMISTRY, COLUMBIA UNIVERSITY 


I HAVE been asked to talk to you this’ varieties of hydrogen have m 


afternoon on the subject of ‘‘Heavy- and 2, respectively, and hence t 


weight Hydrogen,’’ which Dr. Brick- Recently we have proposed t 
wedde, Dr. Murphy and I discovered protium and deuterium from 
about a year and a half ago, and which words meaning first and second 
at the present time is proving to be a_ varieties, but in this talk, I s 
very interesting substance in the sciences mostly the names hydrogen 
of chemistry and physics. In fact, some hydrogen two. With this br 
five or six university laboratories in the ment, let me return to the 
United States are very actively engaged story of atoms as it bears on 

in investigating the properties of this of hydrogen two. 

substance, and its commercial manufac- Among the great variety of 
ture has been undertaken by at least one substances which we observe 
company and is well under way. In_ there are about ninety which 
order to tell you something of the inter- elements. These are substances 
est which physicists and chemists have we can not break up by chemical 
in this hydrogen, it is necessary to tell into simpler substances. In 1803 
you how it fits into a broad development Dalton suggested that all matte: 
of these sciences which began over a_ sisted of very small particles whi 
hundred years ago, and whieh is more called atoms. All the atoms of a 
interesting to-day than it has been at ment were assumed to be precisel, 
as to size, weight and chemical be 


} 


any time in the past. 

But before doing so, I must tell you a Chemists early discovered methods 
little about the differences between this determining the relative weights o! 
new form of hydrogen and the pre- atoms and Prout, in 1815, pointe 
viously known variety, and give you the that the weights of these atoms app 
names of the two varieties. to be multiples of that of the hyd 

The previously known variety of hy- atom. He made the hypothesis that 
drogen has been referred to among scien- atoms of the elements were made uj 
tists as ‘‘hydrogen one,’’ while the closely packed hydrogen atoms. 
heavy-weight hydrogen has been known ments were found which contrad 
as ‘‘hydrogen two.’’ The ‘‘one’’ and this hypothesis, and it had to be a 
‘‘two’’ refer to the weights, or more doned toward the end of the ninete 


correctly, the masses of the single atoms century. It has been revived rece! 

of the two varieties, the one having a_ and this hypothesis that the elements a 

mass of 1/16 the mass of the oxygen all composed of the element hydrog: 

atom, and the other 2/16 of the mass of one is of interest to-day in conne 

this atom. Thus, if the oxygen atom is with the rare hydrogen two. 

assumed to have a mass of 16, these two We now turn to another interest} 
164 
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his subjee 
vears of the nineteenth century, 
omena of radioactivity were dis- 
and it was found that there are 
onsiderable number of elements 


are spontaneously chang 


ther. As a result of tl 


transformations of cer 
to others, it was found thats 
se radioactive elements have 


similar chemical properties, but 


the weights of the atoms are ni 


‘al and the radioactive character- 
s are different. Thus radium and 
sothorium 1 ean not be separated 
lly, but radium requires about 
for one half of it to change 
- element, while mesothorium 
requires only seven years to make a 
ilar amount of change. Also their 
mie weights are 226 and 228, respec- 
Such atoms, having similar 
ical characteristics but different 
mic weights, are called isotopes 
lany examples of this kind were found he hydrogen 
mg these radioactive elements. The by the elec 
Xt Step in the development of our sub potash. 
‘t was made when it was shown that a number 
‘dinary elements, such as neon, familiar samples of 
to us all in the neon signs, chlorine, one concentrati 
' the constituents of table salt, and fact, Professor Lewi 
many others, consisted of mixtures of of California, has 
atoms having very similar chemical containing 
properties, but differing in their weights. hydrogen 
In recent years, Aston in England has_ agreed to 
investigated the composition of a great deuterium, 
any of our elements, and found them is destined 
the majority of cases to be mixtures. serious work, 
{such isotopes. Recently, investigators physics, and 
this country have found that such if I say somet 
rdinary elements as oxygen, nitrogen lopments 
id carbon also consist of such mixtures. 
These individual isotopes were found t 
atomic weights which are very 


e 


we tee 


+ 


early whole numbers, so tha 
rtain that Prout’s hypothesis is at lea 
irtially true when applied to the indi- miniature s 

vidual isotopes and that the atoms of th positive 
ements are probably composed of ¢ about thi 


ole number of hydrogen one atoms. quite 
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what like the planets of the solar system, 
are a considerable number of negatively 
charged electrons. Once we have fixed 
the number of electrons of any atom, the 
chemical characteristics are determined. 
Thus, if there is one electron to each 
atom, the element is hydrogen; if two, 
the element is helium; if three, lithium ; 
if four, beryllium; if five, boron; if six, 
earbon ; if seven, nitrogen; if eight, oxy- 
gen; if ninety-two, uranium, with all the 
other elements lying between. However, 
the mass of the atom is carried by the 
central sun of nucleus of the atom, and 
thus this weight is determined by the 
number of particles that there are in the 
nucleus of the atom. The nucleus of the 
hydrogen atom of atomic weight 1, or 
protium, consists of but a single particle 
which we call the proton. The hydrogen 
atom of atomic weight 2, or deuterium, 
has a nucleus which consists of one pro- 
ton and one neutron, the latter being a 
particle having a weight about equal to 
the weight of the proton but carrying no 
charge. Thus the nucleus of a hydrogen 
atom having an atomic weight 2 would 
be the next to the simplest nucleus to be 
found in all our atoms. If we are to 
understand the structure of the central 
suns of our atoms, it is obvious that we 
must try to find the simplest and then 
the next simplest, and the third simplest, 
ete., of these bodies, for by understand- 
ing them we are able to go on to the more 
complicated types. An important begin- 
ning in this direction has been made 
already in the study of reactions involv- 
ing these central suns of protium and 
deuterium and other atoms. Thus 
lithium of atomic weight seven and pro- 
tium react to form helium, and also 
deuterium and lithium of atomic weight 
six change into helium. These reactions 


give out enormous quantities 

about one million times the e) 
ordinary chemical reactions. ) 
this deuterium nucleus is pro 


only one which can be describe 
exact theory, and this theory yw 
tainly be forthcoming in the n 
years. These are the principal 
of this atom to physics. 
On the chemical side, a few 

of rather marked differences ir 
havior of protium and deute: 
known. We are very much inter: 


knowing why the chemical element 


have the way they do. How does 
gen gas burn? How do chemie 
tions take place in our bodies 
many others. We know that the 
to these questions involve many 

but one that runs through all « 
siderations is the effect of the w 
mass of the atoms. In the case of 
elements except hydrogen, the 1 
the atoms makes such small dif 
in chemical behavior that they 

be measured, while in the case 
tium and deuterium, the differe: 
easily detected. For example, 
made from these two isotopes d 
melting point and boiling point 


reactions involving the two isotopes 


proceed with markedly different 


ties. I shall be surprised if the b 


eal effects are not interesting. Per 
mice containing deuterium inste: 
protium in their bodies may move 


slowly or perhaps not be able to 


all, so that the new hydrogen may 


poison. Like all new scientific t 
do not know what tricks it will di 
we have played with it a while, 


who knows ?—it may turn out to be 


ful to all of us as well as entertal 
scientists. 
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GARDENS OF TREES 


By Dr. RODNEY H. TRUE 


M OF 


DIRECTOR, MORRIS ARBORET' 


From what we can learn from history, 

first garden consisted of a garden of 
rees. It seems likely that these trees 
were cultivated date palms. The ques- 
ion with us immediately arises as to 
what characteristic quality makes a gar- 
len. To most of us the word usually 
suggests small plants, perhaps predomi 
herbs, that cultivated in 


designs of more or less elaborate nature 


nantly are 
Perhaps gardens were once mainly trees, 
bearers of fruit. However that may be 
late palms, olives and 


pomegranates 
have always had a prominent part in 


} 


arden plantings in the older lands with 


milder climates. 

In these later days, gardens of trees 
and shrubs have become arboreta, and 
the old gardens of cultivated fruit trees 
have become orchards to English-speak- 
ing peoples. In European lands, botanic 
gardens have been long known as usual 
‘ity institutions, and few of the larger 
cities of Europe lack a botanic garden. 
These gardens are usually 
plantings in which a variety of trees, 


composite 


shrubs and herbs are to be found selected 
and arranged for the purpose of instruc- 
tion and often for esthetic enjoyment. 

In the New World, still fresh from the 
struggle between the natural forests and 
the demands of agriculture, the planting 
of trees at first consisted largely of fruit 
orchards. Now, however, the forest has 
disappeared, the production of food has 
claimed an area beyond the requirements 
of the situation and the tree for itself is 
becoming an object of increasing inter- 
est. Gardens of trees are being estab- 
lished as a part of the equipment of a 
land rapidly becoming one of 
Gardens and arboreta 
municipalities or with 
learning are apparently an indication of 
the growing age of our country and of a 


cities 
connected with 


institutions of 
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recognition of the fact that in the pass 
ing of forests we are in danger of losing 


not only our source of lumber, but als 


something else fully as real as timbe1 
even though less tangible. Why, ther 
are public-spirited citizens, education 
institutions and, in eases, municipa s 
planting and fostering gai 

We may all agree, I believe, that trees 
especially big trees, make a very deep 
appeal to the souls of men. Their great 
dimensions, their beauty of form and 


their long life that in duration 


makes us creatures of but a few 


color, 


all inspire in us a 
It is not hard for the tree lover to ur 
stand the tree worship of earlier times 


We have our California giants remair 


ing to testify of geological epochs, and 
most of us are gratified when we leat 
that groups of these citizens of t 


frone centuries are } eing pr Tectre 
continue to speak their message to 


erations yet unborn. Most of us in some 


degree worship trees, | in trees, and lh pe 
that for centuries to come they may 
abide to tie together the feverish periods 
of human history. If we chance to live 


in cities with all their human noises 


rushings-about, smells and sordidne 

who can measure the value of trees, big 
trees, aS a 
health of soul? 


and go, with buds, flo 


restorative to Sanity and 


And as the seasons come 
wers and seeds, 
gray bark and naked branches, we see 
the ' 


es iL Peepers 
; LITMNOCK } : 


trees as natur 
ning in accord with the schedule of tl 
heavens. 

Trees 
connected with the affairs of daily liv 
ing. When the wood 
stove or fireplace, the glow of the coals 


also serve humbler purposes, 


is burned in the 


the flames warm us, 


and the glory of 
cook our food and cheer our souls As 
the body of the tree is built up through 
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the years out of carbon dioxide and 
water and a little mineral material from 
the soil, sunlight is stored. The quiet 
wood holds chained the mighty energies 
flashed across interstellar spaces to our 
earth—to our tree—and gives them up 


at our need. 


That same tree body may be sawed 
and polisk ed and made into 


be left 


yr our houses. 


and planed 
unfinished 
In the 
hands of artists it may become inspired 
Now 
into a liquid from which a myriad of 
things are made, and wood threatens to 


furniture, or it may 


to furnish frames f 


carvings. the chemist dissolves it 


rival coal tar as a raw material in the 
variety of things made from it 
Now, what has this to do with our 


garden of trees? Indirectly very much, 
America has awakened almost 
with a start to the fact that the passing 
of our forests has left us heirs to a host 
of problems. 


perhaps. 


Metals and concrete more 
and more are being used as substitutes 
Most of 


ceased To 


for wood in construction work. 
us have long since unwillingly 
fuel. But 


fee] 


we still 
compelled to restore the forests, 


use wood as a 
and a 
reforestation of increasing 
Trees are needed to 
protect the soil against the never-ending 


¢ 


campaign of 
vigor is developing. 
work of water. Erosion has already 
ruined vast areas of land and, by filling 
the streams and by choking up the chan- 
with transported silt, 
forms the basis for disastrous floods. 
What trees shall be planted? Much 
thought must go before a wise answer. 
Trees must be planted that will thrive 
in the soil and climate of our proposed 


forest. 


nels of rivers 


The sorts planted must be free 
from our own native diseases and from 
imported ones, or they must be able suc- 
cessfully to resist them now and for the 
decades to come. The trees to be planted 
should not only grow well, keep healthy 
and fit the climatic and soil conditions 


of regions in which they are supposed 
to live, but they must be able to hold the 
soil in place and in the end to yield an 
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acceptable trunk when tl 
comes. 

We can not rely too confident 
What about t 
What about the white pine now 
What al 


diseases 


native sorts. 


from the blister rust? 
known or obseure a 

that are eating our forest trees 
have other parts of the world 
May some Old World 
able ? Here a 
of practical value. 


trees | I” 
garden of trees 
A collectior 
sorts from many sources is likel 


Here 


soil requirements, sus 


a wealth of information. 
of growth, 
methods of 


ity to disease, repr 


and a host of 
be studied. 


ords of an arboretum yield ma 


other characteristics 


The eareful. scient 


of valuable information. Mate 
anatomical study, the story of 
history, none too accurately 
most of our trees, taxonomic 
ships and the basis of a host 
scientific investigations will be { 
arboretum, 
variety of trees and shrubs pres: 


an and the great 


vider will be the range of possibi 
Not the least important use of 
collection will be that offered to t 
ticulturist and to the landscap: 
tect. 
the living materials which the artist 
have at his disposal in working 
Here the 


and study at different seasons 


In such a eollection will b 


designs. opportunity 
pearance and behavior of plants 
most important. Here the raw mat 
are displayed that, used in combina 
in parks and private grounds, wil! 
scenes of great beauty when used 
true artist. 

The establishment of a new gar 
for rea 
general satisfaction, and I wish in a 
the M 


trees is a sufficient cause 
closing words to speak of 
Arboretum of the University of | 
sylvania. Mr. John T. Morris and 
his sister, Miss Lydia T. Morris, 
bers of an old Philadelphia family 
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ecades planted trees and shrubs botany in W i s 
e acres Or thell mtry me in Ss 


ut Hill on the edge of Philadel tion of these resu 
They traveled extensively and rial as shou 


] > 4 . " } : — » ; ‘ ‘ 4 
special interest In tne woody hiring « emine S ! sts 
ts of Eastern Asia. They partici- lectures, for p1 ling f{ ships 

n the results of exploring expedi- advanced stu ts and for s 

s to Eastern China and to other’ for bovs and rls studying 
thet annétis — oo an a oe ‘ 
S ) hat continent, and 1n Ime and reiatead Sub)e S 

p one of the richest collections of scientine studies I 

s and shrubs in America On her In our own and 


_ Miss Morris, who survived her’ the distribution of plants 
r, provided for the establishment ested public. A st 
1 institution to be known as the’ been app 
rris Foundation, that was charged plorati in ( 
y with the University of Pennsy] provided for 
with the responsibility for main Thus. the resources of the ne" 


ning the collected trees and shrubs' of trees will 1 ! provide for 





nder the name of the Morris Arboretum ther development of the beauty 
the University of Pennsyvlania. which the Morris me has k 


Funds were provided for the mainte- known, | 
ince of the arboretum, for developing tive w 


1 carrying on a graduate school of edge. 


POISON IVY AND POISON SUMAC 


By L. E. WARREN 


FOOD AND DR ADMI rRATION, S PA 


THERE are numerous plants which, nature of their poison, its 
when touched by human beings, may transmission from plant to per 
ause irritation to the skin. Most of it produces its toxic effects 
these, like the iris, lady 


slipper, olean- ment of the skin 


er, flax and squill, are so nearly inert causes have been the ther 


luring most of the season that severe myths, miraculous st s and 
poisoning from contact with them occurs’ theories for more 


rarely. However, there are two, years. Even to-day, afte rous 


poison ivy and poison sumac, which may profound researches, the 


never be handled without danger. Of phases of the poison ivy ] 
these poison ivy is much the more com- are far from being 
n and, consequently, poisoning from 
is much more frequent. Undoubtedly Waar 1s Ivy P 
many persons, particularly children, are [vy poisoning is a p 


poisoned because they do not know how tion of the skin caused by r 


recognize and avoid these plants. contact with } vy. Suma 
There are probably no other plants ing 1S al | 


ibout which so much misinformation has from slight r 


been disseminated, or is current in the mous swellir 


general beliefs concerning them The accompanied | vere | 
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tions. There are all gradations between 
these extremes. In mild eases the skin 
is covered with numerous small blisters. 
The 


which is 


contain a colorless serum 


poisonous ; 


blisters 
not 
poisoning can not spread from broken 


consequent ly 


blisters. Pustules may form and infec- 


tions may result as secondary conse- 


The 


in from ten days to three weeks. 


tends to recover 


(eeca- 


quences. disease 
sionally, a persistent dermatitis follows. 

Poison ivy is known by various names 
in different parts of the country, such as 
poison ivy, poison oak, poison vine, 
three-leafed and 
The plant is found in practically every 
the continental United 
mountains and deserts excepted. 
find the 
forms occurring in the various sections 
of the country. Although these differ- 
ences are sufficiently great to constitute 
several distinct species, the general ap- 
pearance of the plants and their habits 


ivy poison ereeper. 


part of States, 
high 
variations in 


Botanists some 


of growth are so much alike that if one 
form is known the others usually may 
be recognized. Poison ivy has 
known in America from the time of the 
early settlements. Thus, as early as 
1609, more than a quarter of a century 
before botanist had described the 
plant, Captain John Smith described the 
symptoms caused by touching it. He 
writes : 


been 


any 


The poisonous weed, being in shape but lit- 
tle different but being 
touched causeth reddness, itchinge, and lastly 


from our English yvie; 


blysters, the which howsoever, after a while 
they passe awaye of themselves without further 
harme; yet because for the time they are some- 
what painefull, and in aspect dangerous, it 
hath gotten itselfe an ill name, although ques- 
tionlesse of noe very ill nature. 


Poison ivy adapts itself to almost 


every kind of soil, although it does not 
flourish in areas of scanty rainfall or at 
elevations of more than about 5,000 feet. 
It grows along hedgerows and fences, 
frequents woods and thickets, scrambles 
over rocks and climbs trees to consider- 
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able heights. Its habit of er 
thick shrubbery and hedges in sg 
way as to escape notice makes 
cially dangerous to the unwary. te 
Poison ivy may be best recog 
its leaves and by its fruits. Ea 
is divided into three leaflets (ney 
as in the Virginia creeper). T 
gins of the leaflets vary from sn 
more or less notched. The smal] 
ish flowers appear in May and Ju 
male and the female flowers being 
The 
are of the size of a small pea, 
and 
but ivory-white and not poisonous 
ripening. 


on separate plants. fruits, 





green polsonous when imn i 
The ripe fruits are fill 

fat and are eaten by crows, woodp: 
and other birds. After the plants Th 
year or two old they develop aeria t ST 
lets along the stems. These assist 

plant in climbing. They also serv: 
aid in identification. In the fa t 
leaves become brilliantly colored, p: 


pally searlet and orange—a ¢i! eX] 
stance which victimizes many an u vel 
pecting collector. On being wou bla 
the stems exude a cream-colored TI 
which becomes black on exposure t yw 
air. The juice is thin and watery i jui 
spring, but becomes thicker as the s sul 
advances. The poisonous constituent 
found in this juice. un 
Poison sumac is also known as p 
ash, poison dogwood, poison elder, p sul 
tree, poison wood and thunderwood. [1 Th 
grows in swamps throughout the east th: 
half of the United States. It attai od 
height of from 5 to 20 feet and a tru wl 
diameter of 4 to 10 inches. The bark of sk 
the shrub is light gray in color. 1 sy 
leaves are compound and are from 7 | TI 
14 inches in length, each bearing f: be 
7 to 13 leaflets. In autumn they take pr 
wonderfully beautiful colors, brilliant th 
reds, oranges and yellows predominat tit 
ing. In fact, no other plant common t en 
the eastern United States has such go! ; ni 
geously colored leaves at this season. [1 ; th 
ti! 
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Great Lakes these be 


to color about the first of September, 
most 
Many 
es of poisoning have occurred in per- 
sons who eollected the autumn 
es for household decorations without 


and reach their 


a little earlier, 
tense hues about October first. 


have 


enizing their venomous nature. The 
is a globular drupe of the size of a 
ill pea and ivory-white when ripe. It 


borne on long graceful racemes and 
ings on the plant all winter unless 
birds. It ( 


containing a 


sooner eaten by consists of a 
shell 

hard white fat, which 

fluted stone about the 

size of a mustard seed. 


iper-like mass of 
incloses the seed. 
This is a hard, 
Crows and some 
ther birds are fond of the ripe fruits 
the fat the 
stones. The plants are disseminated by 


They digest and diseard 


his means. 
When wounded poison sumac exudes 


i thick juice of the color and consistency 
f cream, which is very poisonous. On 
exposure to the air the juice is con- 
verted into an indestructible 
black varnish, which is not poisonous. 
The early colonists in America used the 
juice for marking linen. 


almost 


In Japan the 
lice from a closely related species of 
sumac, R. vernicifera, has been used as 
a varnish for more than 
under the name of ‘‘ Japanese laquer.’’ 
Many theories to account for ivy and 
sumac poisoning have been advanced. 
The earliest explanation 
that the plants gave off an invisible, 
vapor or which, 
when breathed or permitted to touch the 
skin, brought about the inflammatory 
Symptoms in unexplained 
The North American Indians had this 
belief in pre-Columbian days, and it is 
probable that the early American set- 
tlers obtained it from them. At 
time it was supposed that this gas or 
emanation came from the plant only at 
night or on cloudy days. Although 
there has never been a particle of scien- 
tifie evidence in support of this vague 


20 centuries, 


offered was 


odorless emanation 


some way. 


one 
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VV W S iv T ( 1iKa ad te! 
Vas a \ itli¢ l was sup 

ne time t ! ( lt 
| pass ! D s ¥ l 
direct cont: t] I 
thought to be particul ( 
pass on f eeward s n su 
ner tha the Vv tile pols 
blown wut the victir S 
poisoning W t t | 
bacteria 

I earil vI s S 
poisoning W t fab 8 § 
lated about t upas tre ) \ 
ording to t ints { ! 
travelers the vapors from the uy 
were so deadly it pel ns I 
under its limbs were killed aln 
stantlv: als birds alighting 
branches fell dead It is now ki 
that the tales told of the upas tree were 


wild exaggerations and 
and this 
common. 


In 1895 Dr. Franz Pfaff, of the Har 


tree have 


vard Medical School, proved by a series 
of carefully controlled experiments tf t 
the poison of pois n ivy was neither a 
vas, an alkaloid nor a volatile acid, but 
that it was a liquid, non-volatile sub 
stance having some of the properties of 
resins. It was so very poisonous that 
1/60.000 of a grain of it, when dissolved 
in olive oil and rubbed on the skn 


eaused mild poisoning. Larger doses 


when given to rabbits by the stomacl 


caused death from inflammation of the 


kidneys, that is, Bright’s disease 

The poisonous principle is found in 
the cell sap, in the green leaves and i 
the green fruits. It is not found in the 
pollen, or in the plant hairs which occur 
on the leaves and growing stems. Also 


the ripe leaves do not contain m 


it. The poisonous principle of 


ivy is probably identical with that of 
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poison sumac. In the purest form so far 
obtained it is a dark, brownish-red 
liquid, resembling thick maple syrup in 
viscosity and general appearance. It is 
insoluble in water but soluble in gaso- 
line, aleohol and melted fats. The 
if this substance is not 
completely understood, but it has some 
of the properties of resins and phenols, 
that is, it has some of the characteristics 
£ common rosin and of earbolic acid. 
Probably it is a distinet vegetable prin- 
ciple, just as sugar, citric acid and 
quinine are proximate principles of 
plants. The poisonous principle of 


} 


polson ivy and poison sumac has been 
named ‘‘toxiecodendrol,’’ that of poison 
oak ‘‘lobinol,’’ and that of the Japanese 
sumac ‘‘urushiol.’’ 
How Potsontine TAKES PLaAct 

The poison of these plants not being 
volatile, the only way that one may be 
poisoned by them is to come into direct 
contact with the poison. This may re- 
sult from touching the plants or from 
coming in contact with clothing, shoes, 
tools, and the like, which themselves 
have been contaminated with the sticky 
juice. The poison retains its virulence 
for a great length of time, so that if con- 
taminated clothing or tools be laid aside 
at the close of the season poisoning may 
result the next season on their use being 
resumed. There are authenticated ac- 
counts of sportsmen, gardeners and 
workmen being poisoned after resuming 
clothing or shoes which had been con- 
taminated many months before but 
which had been unworn in the interim. 
This probably accounts for most of the 
stories of poisoning which are claimed to 
have resulted by passing the plant with- 
out touching it. Smoke from the burn- 
ing plants may carry minute particles 
of the poison. If this touches the skin 
or is breathed poisoning will result. 
Eating the leaves of the plants (as is 
sometimes done in the hope of produc- 


ing immunity) will result in poisoning 


if appreciable quant 
Smearing the juices of the plants 
body (for the production of 

has resulted in several ver 


of poisoning. 


Does Ivy Porsonina Ever ( 
DEATH? 

The question whether iv; 
ever causes death is. unsett 
stances are known where 
curred during a severe atta¢l 
poisoning, but these were under 


‘ 


tions such that the existence of pri 
kidney disease could not be r 
It is conceivable that a pers 
Bright’s disease in an advan 
might be severely p yisoned and 
combination of the two diseases 
prove disastrous, whereas neither 
would have been fatal immediat: 
any rate, fatalities from ivy } 
are rare. 
IMMUNITY 

The question is often raised 
or not certain individuals naturally 
be immune to ivy poisoning. M 
people claim that they have w 
quently in and around poison 
poison sumac and have ney 


poisoned. They assume this t 


of immunity. Also there are p! 
ceutical preparations made from 


sumae which, when taken by intran 


cular injection in small doses, a 
signed to render individuals part 
immune to the poison. MeNair 

vestigated the subject, and he be 
that immunity, or at least great! 
sened susceptibility, is possible. ly 
opinion of the speaker, also based 
considerable study, it seems very d 
ful whether there are any persons 
are naturally immune to the p 
The speaker has met several of 
self-styled immunes but has found 


lal 


one who was willing to submit to lab 
tory tests with the purified poison on t 


skin of the arm. This person was 
immune. 
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Afterward the parts I p ysielans 
should be thoroughly washed with strong qaium suip 


soap-suds, using a flesh brush and nail ulphate (Epsor t), ] 
In the absence of easoline or cle manganate | tas na , 
itured aleohol the washing should be ren chloride in ) per 
with soap-suds alone Avoid the McNair recommends that aft 
se of cold creams or ointments of any plication of one of thes S 
1, as these dissolve the poison and erably the ir le, t 


id to cause its spread by contaminat dried and melted ramin a] 
r the clothing. Unless one is able t 
identify these plants positively, the col t abs 
ection of brightly colored autumn fol! lowed by another layer of 1 


ige from climbing plants or those hav para 


g aerial rootlets or from swamp shrubs 
should be avoided. Also while on out Duri U tC few years 


gs, wild berry pickings or hunting I le fro \ S have bh . 
‘contacts with thickets and tangled 1m the treatment of ivy or sumac ] 
brushwood should be avoided as much as ing. They are administer fly | 
possible. intramuseular i tions. ‘J 

ad Tion t y° 4 tr ae 
TREATMENT OF POISONING whether thev vw . a pert 


Much has been written about the place in therap) Aft 
treatment for ivy poisoning and many poisoning, more than in almost 


remedies recommended as ‘‘sure cures.’’ ther disease, ar inee of pr 


Almost every drug in the materia worth many pounds of 








WORK OF THE NATIONAL BUREAU OF 
STANDARDS ON INDUSTRIAL 
MATERIALS 


By P. H. BATES 


CHIEF, DIVISION OF CLAY AND SILICATE PRODUCTS, NATIONAL BUREAU OF STANDARI 


IN an era such as that in which we are 
now living, it is rather difficult to define 
an industrial material. Yesterday a 
material or a product may have been 
made for the first time in the laboratory 
and may have been considered a matter 
of laboratory interest at the moment; 
to-day it is noted that it might have a 
practical use in some industry; to-mor- 
row it will be a necessity in many indus- 
trial applications. Hence, in the broad- 
est sense of the term, a presentation of 
the Bureau of Standards’ work in ‘‘in- 
dustrial materials’’ would include essen- 
tially all its activities. As very many of 
these have already been covered in this 
series, this article will be limited largely 
to some materials of recognized indus- 
trial importance. 

However, first there will be cited the 
Bureau’s work on an industrial mate- 
rial—steam—whiech generally would 
hardly be classed as such. But in many 
localities it is being distributed from 
central plants to rather distant points of 
application. Further, it is a material 
used in the conversion of the latent en- 
ergy of certain materials into a more 
readily distributed form. For several 
years the Bureau of Standards has been 
handling, in cooperation with several 
other laboratories both here and abroad, 
a comprehensive program for the estab- 
lishment of accurate and uniform tables 
of the thermodynamic properties of 
steam. The work concerns the direct 
measurement of latent and specific heats 
of water over the entire useful range 
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from the freezing point to the 
point, and the specific heat 
heated steam at high temperat 
This program has been complet 
range 0” to 270° C. and the remai 
covering the higher temperatu 
nearing completion, except for t 
capacity of superheated steam, 
will require different experim 
equipment. 

The dependence of the world ar 
the United States in particular on 
line as a source of power is such 
development that its importance 
dom fully realized. The qualities 
product have varied widely with \ 
tions in the available supply and 
current demand. The importance 
solution of the broad economie prol 
of efficient use of petroleum res 
was recognized some ten years ago 
the automotive and petroleum i: 
tries, anda cooperative research p! 


was established at the Bureau of Sta: 
ards to meet the need. Asa result. fro 


simple laboratory tests of a gasolin« 


ean predict the minimum temperatw 


at which an engine can be started 
the maximum air temperatures at w 
it will run; the tendency to knock 
the tendency to dilute the crankcase 
how well the engine will accelerate 
whether the fuel is safe from a corr 
standpoint. 

An interesting case of cooperation 
the Bureau with a profession, thr 


the latter’s desire for a better und 


standing of the materials with whi 
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Teas coneerned, is evidenced in the 


‘es which are being made on dental 
Dental Asso- 
has for some years borne half the 
to deter- 


ils. The American 


se f extensive research 
the physical properties of products 


amalgams, 


sed in dentistry, such as 

al gold a loys, cements, waxes and 
AS a 

se researches specifications have been 

2 ared 

safe characteristics of these mate- 


work to the 


ntal profession and more especially to 


vestment compounds. result of 


which embody the desirable 


ils. The value of this 
public, measured in terms of in- 
ised effectiveness and permanency of 

ital restorations, can not be expressed 

lars and cents. 

The very important group of mate- 


sé 


s ¢ mmonly referred to as protec- 


coatings,’’ including paints, var- 
shes, lacquers and baked and vitreous 

extensively studied 
The work concerns both 
the and 


perties of the component materials 


imels, have been 
t the Bureau. 
he determinations of nature 
ind of the finished products, and tests 
which will indieate in a short time what 
the length of These 
materials are of special interest at the 
present time due to the marked develop- 


will be service. 


ment of synthetic resins and solvents 
which are offering so much competition 
the formerly used oils and volatile 
liquids of the paint trade. 
ment used to determine in 
the effect of light and water upon pro- 
teective films is illustrated herewith. 
Essentially it consists of a revolving 
cylinder on the inside of which such 
films ean be placed and be subjected to 
the action of light from the carbon are 
and of water. The fusing of siliceous 
‘namels upon cast irons and soft steel 
produces a type of protective coating 
which is finding ever increasing uses, not 
nly in the home but in industry. Since 
the procedure of manufacture of such 


+ 


Some equip- 
a short time 
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coatings requires the melting ol 
enamel on the heated surface 
metal, many interesting problems 


Amo! 


tar ; + 4 Hh 4 4 _ 
terminatiol e coemcient i 1 rm 


} ; 
@” these ca pe mentione 


expansion I tne n i 1 
enamel over the range of temperatures 
extending Irom t1 I I avy 
temperature t t at which « ! 
produced. At jually importa 
s that of determi r the effect 

I the nered ~ The e) I 
this coefficient 

The investigations of the vit 


enamels are somewhat similar in 1 


to those being carried out . 
Originally, the Bureau | te 
ested in studies of glass for tw ns 
Its chemical laboratory needed s 
resistant to the commonly used reagents 
and the glass industry was producing 

number of purported resistant glasses 
Its Optical Division was interested 


more ready source of 


Europe. It 


optical glass tl 
was therefore decided 
study the effects of the various oxides 


used in glass manufacture 
sultant physical properties. The work 
was hardly under way before the late 
war broke out and the military br 

of the government were in dire need 
classes 


the special required for the 


optical instruments. Following the re- 
quest of the Navy Department, quantity 
production of optical glass was started 
and has been continued to date. At the 
present time 3,000 optical 


the 


pounds of 
molded 
various instruments are delivered an- 
nually to the Navy. While producing 
this, investigational work is in progress 
covering the relation 


tion of the glas 


vlass in form of slabs for 


between composi 
s and properties such as 
index of refraction, dispersion, density 
viscosity, thermal expansion, annealing, 
ete. Also, the Bureau has had the honor 
of producing the largest optical glass 


disk for an 


astronomical reflector ever 
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IN an era such as that in which we are 
now living, it is rather difficult to define 
an industrial material. Yesterday a 
material or a product may have been 
made for the first time in the laboratory 
and may have been considered a matter 
of laboratory interest at the moment; 
to-day it is noted that it might have a 
practical use in some industry; to-mor- 
row it will be a necessity in many indus- 
trial applications. Hence, in the broad- 
est sense of the term, a presentation of 
the Bureau of Standards’ work in ‘‘in- 
dustrial materials’’ would include essen- 
tially all its activities. As very many of 
these have already been covered in this 
series, this article will be limited largely 
to some materials of recognized indus- 
trial importance. 

However, first there will’ be cited the 
3ureau’s work on an industrial mate- 
rial—steam—which generally would 
hardly be classed as such. But in many 
localities it is being distributed from 
central plants to rather distant points of 
application. Further, it is a material 
used in the conversion of the latent en- 
ergy of certain materials into a more 
readily distributed form. For several 
years the Bureau of Standards has been 
handling, in cooperation with several 
other laboratories both here and abroad, 
a comprehensive program for the estab- 
lishment of accurate and uniform tables 
of the thermodynamic properties of 
steam. The work concerns the direct 
measurement of latent and specific heats 
of water over the entire useful range 
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nearing completion, except for th 
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will require different experin 
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The dependence of the world a: 
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development that its importance is 
dom fully realized. 
product have varied widely with \ 
tions in the available supply and 
current demand. The importance 
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it will run; the tendency to knock 
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how well the engine will accelerate 
whether the fuel is safe from a corr 
standpoint. 

An interesting case of cooperatio: 
the Bureau with a profession, thr 


the latter’s desire for a better und 
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nse of extensive research to deter- 
. the physical properties of products 
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gold alloys, cements, waxes and 
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sed in dentistry, 


se researches specifications have been 
epared which embody the desirable 
safe characteristics of these mate- 
ils The work to the 


ental profession and more especially to 


value of this 
public, measured in terms of in- 
sed effectiveness and permanency of 
ntal restorations, can not be expressed 
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including paints, var- 
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The work concerns both 
the nature and 
properties of the component materials 
ind of the finished products, and tests 
which will indicate in a short time what 
the length of These 
materials are of special interest at the 
present time due to the marked develop- 
ment of synthetie resins and solvents 
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to the formerly used oils and volatile 
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; ment used to determine in a short time 


the effect of light and water upon pro- 
tective films is illustrated herewith. 
Essentially it consists of a revolving 
ylinder on the inside of which such 
films can be placed and be subjected to 
the action of light from the carbon are 
ind of water. 
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enamels upon cast irons and soft steel 
produces a type of protective coating 
which is finding ever increasing uses, not 
nly in the home but in industry. Since 
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coatings requires the meiting I 
enamel on the heated surface ol 
metal, many interesting problems aris 
Among these can be mentioned 
termination ficient 
expansion of both the met ind 
enamel over the range of temperatures 
extending from that of average room 
temperature to that at which enam 


is that of determining the effect 
I the ingredients of the enamel wy 
? 


this coemeient. 


The 


investigations of the \ 


enamels are somewhat similar in 1 

to those being earried ut on 
Originally, the Bureau became inte1 
ested in studies of glass for tw sons 
Its chemical laboratory needed glass 


mmonly used reagents 


resistant to the e 
and the glass industry was producing a 
number of purported resistant glasses 
Its Optical Division was interested i 

more ready source of optical glass thar 
Europe. It therefore decided t 
study the effects of the various 
used in manutacture on 
sultant physical properties. 
was hardly 
war broke out and the military branches 


was 
oxides 
glass the re 
The work 


under way before the late 


of the vovernment were in dire need of 
required for their 


glasses 


the special 
optical instruments. Following the re- 
quest of the Navy Department, quantity 
production of optical glass was started 
and has been continued to date. At the 
present time 3,000 pounds of optical 
form of molded 
instruments are delivered an- 
nually to the Navy. While producing 
this, investigational work is in progress 
covering the relation 


glass in the slabs for 


various 


between composi 
tion of the glass and properties such as 
index of refraction, dispersion, density 
viscosity, thermal expansion, annealing, 
ete. Also, the Bureau has had the honor 
of producing the largest optical glass 


disk for an astronomical reflector ever 
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thereby 
not 


United States, and 


showing that the country nee de- 
pend upon foreign sources for any types 
of 


I the highly specialized optical o lasses. 
It is patriotic for American industry 
material, but it 


Whether or 


be ascertained only 


to use American raw ls 


onomical. not 


not alwavs ec 


pay 


making an 


can by 
all-American product 
that of 


Parachutes were 


it will 
and 
comparing it with made im- 
ported raw materials. 
is not produced in 


ic k. which 
A eareful study of 


mat 
the | states. 


the properties of silk parachutes re- 


in Laboratory 
studies indicated ways of modifying the 
properties of Many experi- 
mental fabrics woven the 
Bureau’s textile mill and compared with 
The help of the Navy 
making actual 

was passed 


sulted a specification. 
cotton. 
were in 
the specification. 
trials. 
on to 
of our 


was enlisted in 
information 
manufacturers, and 


parachutes are made of American cotton 


This 
now many 
instead of imported silk, and cost about 
half as much. 

Somewhat similar cases could be cited 
in the Bureau’s work on clays. Not 
pot, china and ball 
clays, such as used in the-ceramic and 
paper industries, were almost entirely 
of foreign origin. Studies have shown 
that have no 
properties which can not be matched by 
those of domestic origin. As a 
quence, in many eases the foreign clays 
have been replaced in part or totally by 
clay from domestic sources. 

Naturally, work of the type just men- 
tioned would necessitate the fabrication 
of raw materials into finished wares. 
This would require the use of plants for 
such fabrication. In order to carry out 
the needed unhampered by 
commercial plant limitations of all 
kinds, there has been erected at the 
Bureau a small but complete pottery. 
This is not the only example of similar 


erucible, 


long ago 


these foreign materials 


conse- 


research 


types ot 

There are experimental « 

for producing, in 

way, paper, cotton g 

Portland and other 

lime, iron and 

and a steel r 

are necessarily supplementé 
for testing the pr 

chemically and physically i 

detailed manner than is u 

commercially. With the e 


the glass plant, however, 


ment 


products of these plants are 
other than testing purposes 

relate the 
laboratory tests. 


results of service 
American 


manutacturers 
stantly 


endeavoring to fil 
wastes. 
oped, with the ultimate aim 
the tonnage of salable output 
factory approach ton 

materials used. Agriculture 
ing to this lead. 
only one half the weig 


the 


follow 
rht 
plant; the other half consist 


and mostly 


leaves stalks, 


There are more than 100,000.00) 


cornstalks produced annua 
United States, and they er 
gion where lumber is 


The Bureau has recently coope 


perfecting a process of maki 


By-products are bei 


The 


relative 


} 


of cornstalks, which is now in 


cial use. 
The query is often made a: 
everything will be known al 


particular material so that wor! 
Work on many mate 
been laid aside, but not because 


will cease. 


been ascertained regarding it 


too frequently the more that is 


~ 


about a commodity the more infor 


seems to be needed. 
of the industries 
almost daily 


using 


becoming more 


( 


Again, the de 
product: 


and invariably because the ind 


xa 





INDUSTRIAL MATERIALS 


ed have been forced to meet new 
The construction of Hoover 








~ 


d other large dams, for instanee, 





ed a new demand on concrete, 
the evolution. of less heat than 
nly results when the conerete 
sas a result of the heat of hydra 


the Portland cement Two years 


( 





ere was not a laboratory in the 
equipped to permit of making the 
ination of the heat generated 
the hardening of concrete, other 
very special study after spending 
time in assembling the special 
itus needed. In fact, there were 
approximate data available on 
the heat of hydration of cement 

iid be and its relation to its compo 
sition, fineness, degree of burning, ete there are but 
Necessity resulting from the conditions ['nited States 

ising cement in such huge structures tests as a routine 

s very recently caused a great amount years an undeter 

study in a field in which it had been cement became one of 
issumed there was no interest, and con- est for certain purposes 
sequently the specifications for cement Even though atte 


r Hoover Dam will undoubtedly con-  cgaljed to it in prev 


n requirements limiting the heat of 
Series, the bureau sS 


hydration. It appears now as though anyq certification of instruments 
r many uses precise and accurate industry should be mentioned 
a orimetric work will become a matter cally all measurements in a 
routine cement testing, although now are made with devices whose ca 


are based upon the fundame 





ards maintained accord 
eral law at 

the actual ca 

has been carr ed 
the majority of ea 
at the plant 
through compal 
ceived from the 
such apparatus 
rometers, Scales 
metrie equipment, 


electrical measuring 





TESTING FUELS rings for ealibrat 


NOCK CHARACTERISTICS IN “ ing machines, cen 


CAR ENGINE. for ealibratine e 
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MEASURING 


LATENT AND SPECIFIC HEATS OF WATER 
THE APPARATUS 


OF THE LATENT 


SOME OF 


USED IN A DIRECT MEASUREMENT AND SPECIF 
OF WATER AND THE SPECIFIC HEAT OF SUPERHEATED STEAM AT HIGH TEMPERAT 











GLASS DISK FOR ASTRONOMICAL REFLECTOR 
THE LARGEST ONE EVER CAST IN THE UNITED STATES IS SHOWN 


FROM THE 


AT THE BUREAI 
IMMEDIATELY AFTER REMOVAL 


WAS CAST. 


OF STAN 
MOLD IN WHICH IT 
OF SOFT BRICKS, WHICH 
RESTS ON THE 
THE FURNACE 


REFRACTORY 


INSULATING 
DISK. THE 


LENS STILL 


THE MOLD WAS 
THEIR IMPRINT 
CAN ALSO BE 
POT IN WHICH 


HAVE LEFT 
BRICK, WHICH 
CONTAINING THE 


ON THE SIDE OF 

SEEN THROUGH IT. IN 
BACKGROUND IS THE GLASS WAS MELTED, AND 
MEDIATELY IN FRONT OF IT THE PIT IN WHICH IT WAS ANNEALED. 





INDUSTRIAL MATERIALS 


tals and pure chemicals for use 
ing pyrometers, calorimeters, 


iti 
solutions, ete. This kind ot 


I absolute necessity 1n the pro 


ind sale of industrial materials 


Bureau has at all times a very 


able percentage ol 
1 making tests of commodities, 
1 to the various Federal Govern- 


irchasing agvenecles, to determine 








TESTING FIRE 

















THE ALL AMERICAN HAT 

GULAR SERVICE HAT (TOP) IS TREATED 
MPORTED SHELLAC TO GIVE IT THE DESIRED 
ss. THE LOWER ONE IS TREATED WITH 
ETIC GUM MADE IN THE UNITED STATES 
OAL, WATER AND LIMESTON! BoTH HATS 
EEN THROUGH FIVI MONTHS OF ACTIVE 


\ 


SERVICE AT ForT BENNING 





ether or not they meet the require 
ts of the specifications under which 
were bought. While these tests are 
‘ly concerned with all the materials 
monly used in construction, particu- 
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cess sizes and varieties of vy; 
rials and establishing stand 
grades, quality, dimensiona 
ability or other acceptance 
findings of the industries. in 
tributors and consumers as 
ducers, are issued by the B 
Standards as ‘*Simplified P: 
ommendations and Comme) 
ards.’”’ 

These efforts of the Bure 
tion with the preparation 


tions and the testing of 
purchases of materials, so 
trial materials are concerne 

important ones. They serve pai 
to bring the members of the st 
ing on the various commodities 
contact with both producers 


The staff thus obtains the view 











DETERMINING WEAR OF RUGS both interested groups, realizes 
THIS DEVICE HAS A LEATHER SHOE SURFACE FOR tations of the products as press 
ABRADING THE RUG AND A VACUUM CLEANER FOR the maker and the user. and 
REMOVING THE ABRADED MATERIAL. \ WORN temper too severe service den 


SAMPLE IS SHOWN ON THE FLOOR BENEATH THE 





MACHINE, 


larly of buildings, there is much time 
spent also in testing oils, gasoline, tex- 
tiles, paper, leather, rubber, ete. This 
work is invariably supplemented with 
research interesting to producers, espe- 
cially looking towards the proper use of 
commodities and the further develop- 
ment of the more desirable properties. 
The results are applied in the drawing 





_——————_——————— 


up of specifications and their revision in 


connection with the Federal Specifica- DEVICE FOR TESTING TABLI 
tions Board In a later paper of this TABLEWARE, AS WE ALL KNO\ 
series attention will be directed towards CIP AT THE EDGES. TI GO 
showine how such specifications are THE WARE FOR ITS BARRACKS, HOS! 
: ' YN SPECIFICATIONS REQUIRING THA 
brought to the notice of manufacturers ‘ ™ 
. ‘¢ . . NOT BREAK OR CHIP UNDER AN IMPA 
to ascertain if they desire to be listed as ; 
: A THAN 4 CERTAIN NUMBER OF FOO 
suppliers of materials guaranteed by pup apove pevicr Is USED FoR & 


them to comply with the requirements of PURPOSES. NOTE THE PENDUI 
the federal specifications. This latter BE RELEASED AT CERTAIN POINTS O 
paper will present the work being done ARC, GRADUATED IN FOO PO 


in aiding industries in eliminating ex- THE BLOW 














INDUSTRIAL 


production possibilities At positive, the 


time it indicates how products interested na 

odified SO as To \ eld a com Them commere 
more nearly meeting service user reallZes 
The constant testing keeps and he must 


n at hand showing when com accustomed 


s have obtained qualities that of produet 


d better or wider service Industrial n 
production refinements. This present 
on to interested Wmsers The } LS rr 
) t times may show the r au t } S 
ist as properly the inforn hes tut 
issed to the prod cers ~ Stipe l 
nv eases the spec fieati S pre stane ra ¢ . 
roug! the Bureau Ss elrorts have ‘ dent \ 


veloped only throug! intensive nterest 


It is necessary at times to dete ynnstants S 

ther materials can be improved cation such a 
! to meet the increased service its of indus 
S Tl is Can he d me by ») ssib \ The vener il } 
the product in question in one much upo 


sureau’s mills If the results are field 








MATERIALS 
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BUILDINGS FOR THE PHYSICAL SCIENCES AT THE UNIVERSITY 
CHICAGO 


THE BLOCK-LONG LINE OF SCIENTIFIC LABORATORIES, DEVOTED TO DISCOVERING THE §S 


THE ATOM AND THE MOLECULE. IN THESE FOUR STRUCTURI 


S, FACING THE MAIN QUADRA) 
THE UNIVERSITY OF CHICAGO, ARE THE LABORATORIES OF MANY OF THE COUNTRY’ 


Ss 


PHYSICISTS AND CHEMISTS. IN THE FOREGROUND IS THE NEW BERNARD A, ECKHART 
SECOND IS RYERSON PHYSICAL LABORATORY, SEAT OF RESEARCH FOR AMERICA’ 
OF THE NOBEL PRIZE IN PHYSICS, MICHELSON, MILLIKAN AND COMPTON; 


CHEMICAL LABORATORY; AND FACING THE END OF THE WALK, THE NEW 


S THRE! 
THIRD IS 
GEORGE HERBERT 
LABORATORY. 












has been the change in the 





dur 
A eent urs 


e had perhaps the least genera! 


in attitude toward science 





e past hundred years 







st in science of any of the larger 
ries But now we have the most 
\ ed science in many different forms 





w become more wide-spread wit! 
ur 





in with any other people, and « 





ation a whole takes more inter 


as 








st science than does the population 
an’ other countrys 
This interest in science—especially in 
applied sclence—in the country as a 






e was largely the result of the solu 





agri 


of the problems, engineering, 





othe arising 
ol Middle 


region, therefore, 


I's, 


and 





tural, geological 


from the development 
West and West, in the 


is the central city. 
that 





our 








\\ hich Chicag 





the 





So it was most appropriate 







sociation should join with the Century 
all 


achievements 






classes 





Progress in laying before 





ir people the se ientific 






hundred years in this and 





the past 





ther countries 


An 





outstanding feature of the Chi 





meeting was the presence ot about 





from foreign countries, 
| 


with the 


ty guests 






members of the 


joined 





ssoclation in reviewing the recent de 





science and in presenting 


pment of 





e latest information on a broad range 





scientific subjects 





It is a rare privilege to be 
rn directly of their work from our 
TO be TO 


W hose 





ign colleagues, and able 





those achieve 





eT personally 





nts are so well known throughout the 





ntifie world. 
On the first of the 
president and the board of trustees 





evening meeting 





the Century of Progress gave a recep 





1 in honor of the association and its 
ciated affiliated 





societies and 
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iE FOURTH CHICAGO MEETING OF THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 





185 


in the Hall of Si 


Perhaps Thi 


Chicago meeting was 
| wont S@SS ! SV ~ 
unusual interest Among these 
mentioned Tne SVMpPos 1 
ment or ge wie Tin ! 
try related to b rik problems 
applicati i | quantun rn 
chemistry, on spectroscoy 
pl VSICS and oO! Sol pes (OT n 
lar interest were the sympos 
century of progress in me 
alism, social trends vernn 
during a depressio1 
democracy 

Worthy of special mention 
eral session under t Isp : 
tion B (Physies nd Section ¢ 


istry held on Wednesday e\ 


Northwest rl Ll nive rsit? " 
Bohr presiding, at vhie] \\ 
outlined The stor f isotopes 


Millikan spoke on new 
physics 


have received the Nobel pi 


standing w ! : 
istry 

The prog ‘ 
was unusua ! thie 
engineering s es, the Aa 


ciety of Meehar Ki 
American Institute of Elect: 
neers, the 
and Metallurgica 
American Society f Ci 
met associatiol Meet 
these were the America Ne! 
Testing Materials, the 
Society, the 7 
Engineers, the Western Soci 
the American society 


Engineers the NSoclet 


with the 


mic 


neers, 


erating 













IS4 


Promotion of Engineering Edueation, 
the American 
tion, the American Association of Engi- 


ol Eng 


Foundrymen’s Associa 


neers, the Society Industrial 


neers 


Boards of Engineering Examiners. 
Under the auspices of the Society for 
Testing Materials came the eighth Ed 
gar Marburg lecture, by Herbert John 


Gough, of the National Physical Labora 


tory, England, who spoke on crystalline 


structure in relation to failure of met- 


als, especially by fatigue 
In th the 


meetings there were a number of 


connection Wi engineering 


Impor- 


tant conferences, among which may be 
mentioned a symposium on some funda 
mental problems of mutual interest to 
scientific economists and engineers, a 


econterence On Enelish, a conterence on 


cooperative engineering education, sym 
posia on alloys in steel castings, on cast 
iron, and on deoxidation and degasifica 
of foundry alloys, and a 


tion bronze 


foundry housekeeping conference 


A most delightful and memorable 
event in connection with the meeting 
was the banquet given at the Hotel 
Stevens on Thursday, June 22, in honor 
of the foreign euests—Otto Appel 


THE SCIENTIFIC 


and the National Couneil of State 
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Berlin; F. W 
Cambridge: Jos 


Agriculture 
Chemistry 
eroft (Physiology Cambri 
Mendelssohn Bartholdy Polit 
ence Hamburg; Jakob 
Meteorology Nic 
Biliy 
Naples ; 


Berlin: Jean 


L} 
Bergen ; 
(Physics), Copenhagen ; 
tazzi 
Diels 
Agriculture 
Mathematies ), Budapest ; Enric 
Rome; A. P. M. | 
Manchester: R 
HH 


mn 


Physiology 
Botany 1) 
Krance: Leop 
Physies 
Engineering 
Zool 
Gough Eneineering ), L 
Daniel Hall (Agriculture), L 
V. Hill Physiology 
London; C. U. A 


ogy and Physiology 


schmidt oy Berlin; 


Mi 
Kappers (Ant 
, Amsterd: 
Psvehology lL} 
Zoology), Cope 
Psvcholog 


Political | 


and 


ai 
vane Koehler 
August 
Tullio 


, 
Rome; 


Ix rogh 





Levi-Civita 
Emilio Mira 
William Oualid 


celona;: 





= 


: « 
, v. “se 


, 
a 


- “ 


THE YERKES OBSERVATORY 





AT 





omy Paris; Henri Piéron (Ps 
ogy Paris: » E J. Sederholm (ie 
Helsingfors; Charles E. Sp ' 
Psychology), London; T. Si pals 
Chemistry), Upsala; and R. J. T 
Entomology and Paleontolog : 

\\ 


WILLIAMS BAY, WISCONSIN 
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A 
THE McKINLOCK CAMPUS * NORTHWESTERN UNIVERSITY 


ILDING SHOWN A H XTREM FT Is P AVA) llos 


The president of the association, Press. Hull Hous: 
John Jacob Abel, presided, and the Club, Northwest: 
tmaster was Dr. RK. A. Millikan. Shore private 

speakers were Rufus C. Dawes, and the Univers 

F’. Simon, Filippo Bottazzi, Henri Leon Mantel, IT] 

Jakob Bjerknes, Wolfgang to tender the use 

ler, Sir Daniel Hall and Edwin B caneer for a eruis 
Lake Michigan 

the scientific establishments and Chicago in 
tutions in Chicago deserve the teresting city lt 
‘ful thanks of the members of the the skyscraper, Ame 
lation for their numerous ecour-_ tribution to architect 

which contributed so mueh ings have er 

vard making the meeting one long to been widened 
remembered. entirely haphazard 
Through the local committee many _ nition, ‘‘ Make no 


nteresting excursions were arranged. followed literally 


Among these were trips to the famous’ vard systems, the 


Indiana Dunes. to **Wyehwood,’’ at reversal « 
i 


Geneva, Wisconsin, to the Yerkes 
“dservatory, at Williams Bay, Wiscon 
nd to the Stock Yards. 
iborate provision was made for the 
tainment of the ladies of the asso 
including visits to the Lakeside 
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DR. PHILIP FOX AND DR. C. U. A. KAPPERS 
Dr. KAPPERS, THE DISTINGUISHED ANTHROPOLOGIST FROM HOLLAND, STANDIN 


rOR OF THE ADLER PLANETARIUM IN CHICAGO. 





THE 
4 


, ae 
i ek ie a 


~ 


THE MUSEUM OF SCIENCE 
preeminent as a center for that type of 
that American. 
American type of science, having 


rather 


science ls 


This 


as its 


peculiarly 


aim utilitarian advance 
than philosophical refinement, was ap- 
propriately emphasized by the coopera- 
tion the and the 


Century of Progress. 


between association 


The success of any meeting depends 
chiefly on the ability and energy of 
se who bear the brunt of making the 


after 


] 


eal arrangements and looking 


NOBEL PRIZE WINNERS IN PHYSI 


PROGRESS OF 


SCLENCE 


AND INDUSTRY AT CHICAGO 


and avoravating 


that 


the multitudinous 
tails that inevitably 
the 
arrangements were in 
an able 
Colonel Philip Fox, who, 


ar 
the 


was for association 


hands ol 


the 
and energetic organize! 
ably 
Mars]| 
MacMal 
Ball 


the as 


Dawes. Roy x 
Andrew M 
John R 


desery eS 


by Rufus C 
D. KR. 
Walter 


Crew 


Curtiss, 


Bartky, 


and others 


tion’s most grateful thanks 


AusTIN H. ( 


> 


rHE 


CS Al AMERICAN ASSOCIATION 


MEETING 


W 
OF CHICAGO; 


OFESSOR F. ASTON, UNIVERSITY 


PROFESSOR NIELS 


OF CAMBR 


GE; PROFESSOR A 


RouHR "NIVERSIT’ 


He 


ASSIST! 


i 
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LAZARE NICHOLAS MARGUERITE CARNOT! 


One hundred and ten years ago this 
month, on August 2, 1823, there died in 
exile in Maedebure one of the most re- 
markable men of one of the most remark- 
able centuries in the history of France 
Carnot, ‘‘l’ Organizateur de la Vie- 
toire.’’ Soldier, administrator; mathe- 
matician, physicist, new master in the 
construction of fortifications, the patriot 
who dared oppose the ambitions of 


Napoleon and who, when France called 


1 The medallion reproduced on th's page is 
by David D’Angers and is in the Smith Col 


lection in the Library of Columbia University 


him, returned to the imperial Stal 


in the fatal Hundred Days—this 
man to whom Bonaparte addressed 


words after the defeat at Wat 
‘Carnot, je vous ai connu trop ta 


Born at Nolay, Cote-d’Or. on 


13, 1753—one of a family of elg 


children, of which TWO devel per 
lieutenant venerals, one became a 
cilor in the Cour de cassation, 


Procureur général of the Royal ¢ 


another a directress of the hospi 


Nolay he came of eood stoek 


turn he passed on the vigor of his « 
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motrice 
propres a développr 
Paris, 1824). and 
st To comprenel al the natu 
recognized by rr sclenti 
md son, Lazare Hipp 
1888), was one of the leade? 
vement for popular education 
son (son of Lazare Hippolyt 
Francois Sadi Carnot 1837 
became the fourth president 
Republic, fought for his country 
Ke his distinguis| ed 
in the Panthéon, 
- 
‘\dueated in 
the Eeole de Méziéres, coming 
r the influence of D’Alembert and — sienals: ree 
Bossut, he entered the arm\ and here he positions Was ¢! 
his early reputation both in the In scientific 
of physies and in his work in the be known the 
of fortifications. The old system to geometry 
lefense, due to Vauban, was by him des figures de 
t t} 


‘ed by an improvement upon Mor laid one o 
embert’s plan for the construction of ern treatment 
ts, and his memoirs on the subject. to three dimens 

ving his ‘‘Eloge de Vauban’’ 

1783), were looked upon as authorities respective 

full century after they appeared. pris dans 

chief work on the theory was ‘‘De la Théorie de 
défense de places fortes’? (Paris, 1806 These 

In his early days as a first lieu- ‘* Réflexions sur 
nt at Calais he also gave much at cul infinitésin 

n to the subject of dirigible bal- which he support 

and his first communication to the culus and paved thi 

emie des Seiences was on ‘‘Le notable memoir 
éme de la direction des aérostats.’’ of the object 

ugh this was more than a century ater Bisho 
re dirigibles met with any notable than a half 

ss, he never lost confidence i the Mention 
SS bility of this mode of travel assistance 
in 1783 he wrote his ‘‘Essai sur les greatest 

ines en général,’’ and twenty years normal: 

there appeared his ‘*Principes technique, 


mentaux de : équilibre’’ Paris. é met 


but he is chiefly known for his 


ry achievements and his contribu 


to geometry. For training 
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BALL LIGHTNING 


OnE of the most difficult phenomena’ the storm centers was traced b 
in nature to study is that known as ball of a battery of microbarographs 
lightning. It is so rare that compara- On the evening of August 
tively few persons have ever seen it, and after a sultry day characterized 
thunderstorms in the surroundi 


these observers have been so startled 
that they can not give a clear deserip- tory to the south, a severe sto! 


tion of what they saw. Even a trained ‘‘line-squall’’ type developed 
scientist would find extreme difficulty in west in the early evening. 
making any worthwhile tests or mea- had been scarcely perceptible 
surements on a ball of blue fire as large southeast but changed to the s 
and increased to twenty or thirt 


as two fists which rolled along the floor 


for three or four seconds and then ecol- per hour between 9: 35 and 9: 45 
lapsed with a noise resembling a big fire- accompanied by high northwest 
eracker, leaving behind nothing more’ began at 9:53. The barograp! 
tangible than the odor of ozone. Yet shown in Fig. 4 indicates an i: 


these are the salient points in the de-  .21 inches in pressure in the front 


scriptions reported by C. F. Talman, of storm, followed by an immediat: 
the U. S. Weather Bureau, in a recent .06 inches when the active part 
popular article, also by E. W. Marchant storm, with its rapid convecti 
and W. C. Reynolds in the 1930 volume — rents, passed over the instrume) 
of Nature. time on this record is about 
During the thunderstorm seasons of minutes slow, as this rise began 
1929, 1930 and 1931, we have been en- For making the photographs 
gaged in a study of the electrical field cameras were placed in a fourt 
changes caused by lightning discharges, window above the trees and co 
with special reference to relation of the ing a clear view of the western | 
direction of branching of the flash to the One of these is a 57 Graflex 
sign of the field change. This involved lens rated at f 4.5. the other an E 
photographing a large number of dis- 1A Kodak with f 6.3 lens. 
charges at night, most of them at close 23. CG. Jensen. Menthle Weath 
range as the storm center approached or 5g. p. 115, 1930; Physical Re 
came directly overhead. The path of 1013, 1932. 
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id air rushing ahead of the 
ud was filled with a swirling 
dust, but nevertheless brilliant 
were seen descending in rapid 
n from the cloud to the earth 

e first films were exposed at 
uw. In the wake of one of these 
there appeared a shapeless mass 
nder color which seemed to float 
downwards. The writer was so 
d with the details of the photo 
routine, which required the 

n of shutters, the use of a stop 
for timing the lightning-thunder 
entering data in the note-book 
‘lephoning to the assistant who 
arge of the electrical recording 
tus in the laboratory, that there 
ttle opportunity for close observa 
this beautiful but unexpected 
The rose-colored mass seemed 
brilliant near the ground and gave 
» impression of a gigantic pyrotechnic 
tion. Two or three of the eglobu 





struetures seemed to roll alone a 


pair of 2,300 volt p 
feet or more, then bo 
ground and disappea 
port 

The first five pictur 
terval of about three 
the fire-balls in one of 
? is an enlargement of the 
picture at 9:40 p.m. The 
at the same instant wi 
sembles it closely, the lhehtning 
ers in the rear being identical 
is a direct contact print Trom the sec 
Graflex negative. It shows the p1 
deseending ball in its most luminou 
concentrated form 


ter was open for only a 


brilliant lightning discharges appear in 


the background. The one in the center 
With streamers extending downward 


fave a field change which indicated that 





SSS 





negative electricity had escaped from 


the cloud to earth. The kodak shutter 


was closed while Fig. 1 was being taken, 
but both cameras caught the final stage 
as shown in the enlargement of Fig. 3. 
The kodak lens was left open longer and 
shows less detail, together with blurring, 
due to motion of the illuminated balls. 
As mentioned above, some of the fire- 
balls bounced off a power-line which was 
about 2,000 feet from the observer. 
Using the well-known optical formula 
relating the size of the object and the 
image to the object distance and focal 
length of the lens, the diameter of the 
first upper ball in Fig. 2 is shown to be 
28 feet and that in Fig. 1, 42 feet. Their 
height above the horizon was 92 feet. It 
will be objected that these dimensions 
are so much larger than the conventional 
size that they must relate to different 
phenomena. However, Toepler® states 
the ‘‘masses of light’’ may vary in size 


from a hen’s egg to 10 meters in diame- 


2Max Toepler, Mitteil. d. Hermsdorf Schom 
burg Isolatoren, Vol. 25, p. 18, 1926. 





THE SCIENTIFIC 








MONTHLY 


ter, and on another oce 
course of our researches b 
maenitude were seen at 


two and one half miles b 


sharp, loud report 

A tornado which oe 
evening of July 9, 1932, ne 
wave evidence 


lds, lowa, 
related type of luminous 
cording to the report of 
Raveling, U. S. Weather B 
ver. From the sides of the b 
laden cloud a fiery strean 
like water through a sieve, b: 
spheres of irregular sl ape 
scended No streak leht 
usual type was observed 
attended the fire-balls 
usual roar of the storm 

While it is not the purp 
article to propose a selentifi 
tion to account for the facts hi 
meteorologists will find valu 
rial for study in the refere: 
below... Any of our readers 
witnessed these interesting p 
are requested to send detailed 
the author of this article 

a. ©. dé 

NEBRASKA WESLEYAN UNI 

Max Toepler, Ann. d. Phys 
series, p. 623, 1900; Cawood and 
Vature, Vol. 128, p. 150, 1931; W. 
bid.. p. 584; also Vol. 126, 
Mathias, Comp. Rend., Vol. 194, 
bid., p. 2257. 





pnt 









A 





